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ABSTRACT 
This thesis describes the synthesis of 1,4,5,16-tetrahydroxytetraphenylene (68)* 
and its derivative 1,4,5,16-tetracyanotetraphenylene (77). Some essential background 
and previous works in this area are firstly introduced. 
In the synthesis of 1,4,5,16-tetrahydroxytetraphenylene (68)， 1,8-
dihydroxyanthraquinone (86) was employed as the starting material which upon a series 
of classical reactions provided 1,8-dimethoxybarrelene (85). The key intermediate 1,10-
dimethoxydibenzo[a,e]cyclooctene (82) could be obtained by photo-induced 
rearrangement of the corresponding barrelene 85. 1,4,5,16-Tetrahydroxytetraphenylene 
(68) was realized by stepwise Diels-Alder reactions from 1,10-
dimethoxydibenzo[a,e]cyclooctene (82) to construct two benzene rings into the skeleton. 
1,4,5,16-tetracyanotetraphenylene (77) was synthesized using zinc cyanide as a cyanide 
source by the palladium-catalyzed cyanation of 1,4,5,16-
tetra(trifluoromethanesulfonlyoxy)tetraphenylene (106). 
In addition, we have also synthesized a platinum complex 105 consisting of 
1,4,5,16-tetrahydroxytetraphenylene (68) and (5>(BINAP)PtC03 (78). 
* Structural formulas for compounds cited in this abstract are shown on the next page. 
iii 
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本論文是有關1, 4，5，16-四經基四苯並環辛四稀(68) *及其衍生物1， 
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INTRODUCTION 
1.1 General background 
Tetrabenzo[«,c.e,g]cyclooctatetraene (1)，which is also known by the trivial name 
tetraphenylene, is a colorless, high-melting (mp 233°C), and stable compound, which 
shows a relatively low solubility in most solvents. Compound 1 is a structurally, highly 
interesting molecule containing four benzene rings. Its ground state geometry' shows it 
to have a non-planar structure, with a distinct saddle shape in which the benzene rings 
are orientated above and below the average plane of the molecule and belongs to a Di^ 
symmetry point group. 
1 
Due to the fact that tetraphenylene (1) possesses a central molecular core of 
cyclooctatetraene (2), it is appropriate for us to firstly give a brief review on the 
chemistry of compound 2 and its benzannelated derivatives. 
1.1.1 Cyclooctatetraene 
Cyclooctatetraene (2) is non-aromatic and behaves as a typical cyclopolyolefin with 
a well-known "tub" or "boat" shape structure.^ Compound 2 has been extensively 
studied, and has often been used as a valuable starting material for transformation into 




1.1.2 Benzannelated cyclooctatetraenes 
Among all the substituted cyclooctatetraenes, the benzannelated derivatives 3，4，5 
and 6 have attracted great interest among chemists and many structural studies of these 
compounds were carried out in the 1980's.'^ '^  Dibenzo[(3,e]cyclooctene (5) is the starting 
material of one of the most common methods to prepare tetraphenylene (1),^ Thus, the 
synthesis of cyclooctene 5 is introduced in the following discussion. 
.. o o 
3 4 5 6 
Thermal conversion of 3:4,7:8-dibenzotricycIo[4.2.0.0]octa-3,7-diene (7) to 




As shown in Scheme 2, this central eight-membered ring skeleton could also be 
Scheme 2 
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constructed by using o-xylylenebis(triphenylphosphonium bromide) (8) and o-
phthaldehyde (9) underwent a Wittig reaction, but the yield was low.^ 
Based on the aforementioned procedure, two molar equivalents of dibromide 10 
were allowed to dimerize to form the precursor 11, which was then converted to 
dibenzo[fl.e]cyclooctene (5) easily in high yield (Scheme 3).^ 
Scheme 3 
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In 1967, Brewer and Heaney'° successfully synthesized dibenzo|>’伞yclooctene (5) 
in a reasonable yield after a photo-induced rearrangement of corresponding barrelene'‘ 
(15) as shown in Scheme 4. 
Scheme 4 
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The fascinating aspect of cyclooctatetraenes lies not only in their chemical 
properties, especially in their usefulness as starting materials for the synthesis of other 
novel compounds, but also in their unique structural properties. The non-planar, "tub" 
shape of the parent cyclooctatetraene gives rise to an interesting dynamic behavior 
characterized by bond-switching and ring inversion processes.] One way of pi an arizing 
this non-planar molecule'", which can better compare with its lower and higher vinylogs 
having the general molecular formula of ( C H ) n , is to replace at least one of its double 
“ bonds by an acetylene function. Krebs and Byrd'^ had subjected bromocyclooctatetraene 
(16) to dehydrobromination by treatment with potassium /-butoxide. The resulting 
cyclooctatrienyne (17), also called dehydro[8]annulene, is a very reactive compound due 
to its internal bond angle strain and its anti-aromatic nature and stands as the smallest 
member of the dehydrocyclooctatetraene series known to-date.'"^ However, its existence 
. can only be vindicated by trapping with a Diels-Alder diene such as 2,3,4,5-
tetraphenylcyclopentadienone to give benzocyclooctatetraene 18 (Scheme 5). 
Scheme 5 
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1.1.4 Benzannelated cyclooctatrienynes 
In. 1974, Wong and co-workers'^ firstly synthesized two benzannelated 
cyclooctatrienyne 19 and cyclooctadienediyne 20. 
. 4 
19 20 
Dibenzo[“,e]cyclooctene (5) underwent bromination to give dibromide 21, and 
dehydrobromination using potassium /-butoxide resulted in the loss of two molecules of 
hydrogen bromide, leading to the formation of dibenzo[<2r,e]cyclooctatrienyne (19). 
Dibenzo[<3,^]cyclooctadienediyne (20) could also be prepared by the same method using 
tetrabromide 22 as the starting material (Scheme 6). 
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From the works of Wong and co-workers, dibenzo[a,e]cyclooctatrienyne (19) 
proved to be relatively unstable, which decomposed at room temperature without 
protection from light and air.丨However, dibenzo[a,e]cyclooctadienediyne (20) was 
surprisingly stable, allowing its planar structure to be confirmed by X-ray 
crystallographic analysis at room temperature.'^ 
！ n 2002, WLidl and co-workers'^ reported a new route to synthesize 
dibenzo[(3,e]cyclooctatrienyne (19) and dibenzo[flf,e]cyclooctadienediyne (20) from 
• . 
5 
commercially available starting material dibenzosuberenone (23). Thus, a ring expansion 
of compound 23 afforded trienone 24. Treatment of trienone 24 with base and triflic 
anhydride gave enol triflate 25. Base-induced elimination furnished finally 
dibenzo[a,e]cyclooctatrienyne (19) in good yield. Similarly, 
dibenzo[(3,(?]cyclooctadienediyne (20) was obtained from enol triflate 25 by bromination 
and subsequent base-induced elimination (Scheme 7). 
Scheme 7 
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A novel method for the synthesis of cyclooctadienediyne 20 in a high yield and in 
« • 
one pot manner was published by Otera and co-workers'^ in 2002. Thus, Compound 27 
underwent phosphonation and subsequent intermolecular Wittig-Horner reaction twice 
under base conditions to give an isolable intermediate 28. cyclooctadienediyne 20 was 
formed in 61% yield after elimination with LDA (Scheme 8). 
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It is worthy to note that cyclooctadienediyne 20 is a very important compound for 
generating its various derivatives, some examples being the cyclobutenedione-fused 
derivative a molecular tweezers with two corannulene subunits, the planar 
hexacarbonyldicobalt complex 31 ‘〜the platinum-alkyne complex and the double 
silylated platinum-alkyne complex 33^°. 
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1.2 Tetrabenzo[fl,c,6?,^]cycIooctatetraene (tetraphenylene) (1) 
Tetraphenylene (1) was first successfully synthesized in 16% yield by Rapson and 
co-workers^' in 1943. These authors converted 2,2'-dibromobiphenyl (34) to its 
corresponding bisGrignard reagent 35 which was treated with copper(ll) chloride to 
provide tetraphenylene (1)，along with biphenylene (36) as a byproduct (Scheme 9). 
One year after the synthesis of tetraphenylene (1) had been published, Katie and 
Brock way showed by an electron diffraction study that the central cyclooctatetraene 
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around the ring. The shorter bonds (1.39 土 0.02 A) were common to the benzene ring, 
while the bonds joining the benzene rings had a length of 1.52 土 0.04 A. The absorption 
spectra of tetraphenylene (1) also indicated that the molecule was non-planar, so it 
contributed very little to the conjugation of the whole molecule.^^ 
1.2.1 Ring inversion barrier of tetraphenylenes 
Several research groups�*-�？ attempted to determine the energy barrier for ring 
inversion of tetraphenylene (1) after its structure had been characterized. It is noteworthy 
that if the geometry of tetraphenylene (1) were to maintain at a planar conformation, the 
‘ a-hydrogen atoms on two adjacent benzene rings would have been as close as 0.8 A. As 
a result, a high barrier for ring-inversion should be resulted due to the ring strain and the 
tremendous steric repulsion when an inversion takes place. The energy barrier of which 
was estimated to be higher than 60 kcal/mol."^ Tetraphenylene (1) is therefore 
conformational rigid under ordinary conditions. 




It is impossible to determine the energy for ring inversion of tetraphenylene (1) 
directly due to the fact that its molecular structure is so symmetrical. Therefore, its 
derivative, namely 2-( 1 -hydroxy-1 -methylethyl)tetraphenylene (37) was studies by 
Figeys and Dralants "^^ ^ in 1971. However, thermal racemization of tetraphenylene 37 
could not be achieved because of its low thermal tolerance. Later, Wong and co-workers 
• . 
obtained optically pure tetraphenylene 38 through separation by chiral column 
chromatography and measured the ring inversion energy by thermal racemization at 
600°C. They found that its inversion energy value was 67.2 土 0.8 kcal/mol尸 This value 
should be approximately valid also for tetraphenylene (1). 
37 38 
1.2.2 Inclusion properties of tetraphenylenes 
Rapson and workers^' firstly reported the c lath rate inclusion property of 
tetraphenylene (1). However, the formation of 2:1 adducts of tetraphenylene (1) with a 
variety of solvent molecules had drawn no attention until the concept of clathration was 
clarified in 1947?^ 
In the early 1980's Wong and undertook a systematic crystallization and 
X-ray study on the clathrate inclusion properties of many tetraphenylene derivatives. 
They found that tetraphenylenes 38^", could form clathrate inclusion with a 
variety of small molecules, such as furan, benzene, p-xylene, cyclohexane, dioxane, 
9 
dichloromethane，chloroform and carbon tetrachloride, and the major interaction 
between the hosts and guests investigated was thought to be van der Waals forces. 
T -
39 
1.3 Synthetic methods for tetraphenylene (1) and its derivatives 
Although many research groups〗'’]。〗 have reported various successful preparations 
of tetraphenylene (1)，most of these methods involve tedious separation procedures from 
which generally low yields of product were obtained. Therefore, it is not surprising that 
very few examples of tetraphenylene derivatives are known. To our best knowledge, five 
methods have been used to prepare functionalized tetraphenylenes which are 
summarized below. 
1.3.1 Electrophi l ic aromat ic substi tut ion on tetraphenylenes 
Electrophilic aromatic substitution on the parent tetraphenylene is a classical 
method of functionalization of this compound. Since the benzene rings of tetraphenylene 
(1) are not in conjugation with each other, they behave as "normal benzene rings". Thus, 
tetranitrotetraphenylene 40^', bromotetraphenylene 41"', acetyltetraphenylene and 
formyltetraphenylene 422补 were synthesized by normal electrophilic aromatic 
I 
10 
substitution reactions (Scheme 10). However, it is difficult to predict the position of 
substitution and consequently many possible isomers can be formed. 
Scheme 10 
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1.3.2 Diels-Alder reactions of cyclooctadienediyne 
A method to introduce two additional fused-benzene rings onto 
cyclooctadienediyne was developed in our l a b o r a t o r y . 丁 h e approach used by us was to 
treate cyclooctadienediyne 20 with excess furan to give the bisendoxide 43 through a 
Diels-Alder cycloaddition reaction, which was followed by Wong's low-valent-titanium 
deoxygenation to give tetraphenylene (1) (Scheme 1 
‘_ By utilizing the same strategy, Wong and co-workers^^ have also synthesized a 
series of benzannelated tetraphenylenes 44, 45, 46 and so on. The advantage of this 
approach is that functionalized furans can be added to the pre-designed eight-membered 
ring skeletons under careful control. Furthermore, the position of the two acetylene 
1 1 
Scheme 34 
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bonds can also be varied in the central cyclooctene ring. 
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A recent example using aforementioned strategy to synthesize novel tetraphenylene 
derivatives was reported by Siege! and co-workers]? in 2005 (Scheme 12). 
Cyclooctadienediyne 20 was subjected to a Diels-Alder reaction-decarbonylation 
sequence with cyclopentadienone 47 to give the interesting tetraphenylene derivative 48, 
in which the central eight-membered ring is fused with two benzo and two 
benzoacenaphthyleno moieties. 
1.3.3 Pyrolysis of biphenylene 
n O 
In 1967, Friedman and Lindow found that when neat biphenylene (36) was kept 
in an evacuated sealed tube at ~400°C for an hour, Tetraphenylene (1) was obtained in 
96% yield (Scheme 13). However, subsequent attempts employing substituted 
biphenylenes to synthesize substituted tetraphenylenes give only at best marginal 
12 
Scheme 12 
^ ^ ^ x^y 5 帽 ％ 
20 47 48 
results.38’39 For an example, pyrolyzing 2,3,6,7-tetraiTiethylbiphenylene (49) in an 
evacuated sealed tube at 400°C furnished 2,3,6,7,10,11,14,1 S-octamethyltetraphenylene 
(50) in a meager yield of 6% (Scheme 13). The disadvantage of this method is the 
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1.3.4 Transition metal complexes-promoted ring expansion-dimerization of 
1 
biphenylene 
Stille and co-workers'^^ in 1977 transferred successfully biphenylene (36) into 
13 • 
tetraphenylene (1) at 200°C in 88% yield when [Rh(NBD)Cl]2 was added as a catalyst in 
search of effective dimerization of bipheylene into tetraphenylene under mild conditions 
(Scheme 14). More recently in 1990, Vollhardt and co-workers^' made further 
improvements for the same transformation in respect to both temperature (at 100°C) and 
yield (quantative) by using "Ni(COD)(PMe3)2 as catalyst (Scheme 14). Unfortunately, 
such transition-metal complex-induced dimerization reactions have not been applied to 
substituted biphenylenes to give substituted tetraphenylenes. Therefore, the synthetic 
utility of the transition metal-catalyzed reactions has not been fully realized. 
Scheme 14 
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1.3.5 Coupling of 2,2'-dihaIobiphenyIs 
Tetraphenylene (1) and its derivatives can be prepared in a more accurate manner, 
in which the desired substituents are positioned first on the starting materials before tHe 
actual skeleton of tetraphenylene is constructed. In 1967，Baron and Whitaker。^ reported 
that 2-iodo-3-nitrobiphenyl (51) was converted into 1,16-dinitrotetraphenylene (53) via 
thermolysis of iodonium salt 52 in the presence of copper(I) oxide as shown in Scheme 
15. However, the yield was a dismal 0.56%. 
Great improvement was achieved by Wittig and Klar^^ in 1967 in exploring 2,2'-
diiodinebiphenyl (54) as a precursor for tetraphenylene (1). This idea was firstly to 
convert the dihalide 54 into the corresponding dilithium compound 55 by lithiation with 
14 
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;7-butyl lithium. Oxidative coupling of dilithium compound 55 by MX。provided 
tetraphenlyene (1) via the metal complex 56. The series of MX,】 examined by Wittig and 
Klar and the respective yields of the reaction are summarized in Scheme 16. 
Scheme 16 
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Rajca and co-workers*^ in 2000 reported successful synthesis of the Di symmetric 
tetranaphtho-fused cyclooctatertraene 58 from chiral dihalide 57 extending Wittig's 
methodology (Scheme 17). 
Further development of Wittig's methodology was made by lyoda and co-workers'^ '^  
in 2001. These authors found that the reaction became more manageable i f the lithiated 
15 
Scheme 34 
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intermediates in Wittig's reaction were transmetallated into the corresponding zinc 
compounds. The original version of Wittig's method was modified in such a way that 
the substituted 2,2'-dihalobiphenyls 59 were first subjected to lithium exchange to give 
presumably the corresponding dilithium intermediates which were transmetallated in situ 
to the organozinc species 60. Copper(II)-mediated dimerization of the organozinc 
species 60 proceeded more efficiently to give tetraphenylene 61. Examples of such 
organozinc-based reactions are illustrated in Scheme 18. 
Scheme 18 
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The synthetic value of the dimerization of 2,2'-dihalobiphenyls via dilithiation to 
give tetraphenylenes as described by Wittig and Klar^^ did not draw much attention 
when it was firstly discovered, because at that time not many methods for preparing 
16 
r 
2,2'-dihaIobiphenyls carrying additional substituents were known. However, the scope 
of Wittig's dimerization reaction has been greatly expanded with the accessibility of 
various substituted biphenyls by the aryl-aryl cross-coupling reactions discovered in 
recent years. Therefore, a great part of our attention was focused on the present work on 
the application of dimerization of 2,2'-dihalobiphenyls to gain our desired 
tetraphenylene systems. 
1.4 Applications of tetraphenylene derivatives as functional materials 
In the past several decades, materials science has achieved rapid developments. 
Tetraphenylene derivatives have also been tested for new materials for uses as electrical 
or liquid crystal devices. The following sections briefly highlight some of the major 
works along this line. 
1.4.1 Tetraphenylene derivatives employed as molecular devices 
Kochi and co-workers'*^ found that octamethoxytetraphenylene (62) underwent 
conformational change during a reversible redox process. Tetraphenylene 62 could be 
oxidized to the dicationic form 63 (Scheme 19). This transformation resulted in the 
conformational change from a saddle-shaped eight-membered ring into a near planar cis-
fused bicyclo[3.3.0]octane system whose structure was established by an X-ray 
cryatallographic analysis. 
Marsella46 also found that polymer 64 could be reduced to polymer 65, with the 
conformation changing from tub-shape to near planar-shape when triggered by external 
stimuli of electrical potentials (Scheme 20). This property of electronic induced 
conformational change would potentially be used as sensors, switches, electrical 
conductors, ferromagnets, electronic circuits, and nonlinear optical materials. 
17 
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1.4.2 Tetraphenylene derivatives employed as building blocks for liquid crystals 
In 2004, Laschat and co-workers'^ ^ reported the synthesis of a series of novel 
mesogenic octaalkoxytetraphenylenes, which could serve as saddle-shaped building 
blocks of columnar and smectic liquid crystals. 
1.5 Tetraphenylenols as building blocks for molecular scaffolds 
In recent years, molecular architecture has become an important research area in 
materials science. Self-assembly of molecules into highly ordered linear, two- and three-
dimensional molecular scaffolds is playing an important role in nanochemistry. Besides 
the beautiful arrangement of small molecules into supramolecular structures, the 
18 
molecular networks are also playing an important part in the development of organized 
organic films, nanomaterials, catalysts and integrated chemical systems.48 
Our research group has been very active in the synthesis of derivatives of 
tetraphenylene^^ and the investigation of their inclusion properties towards solvent 
molecules.29-33 However, the construction of supramolecules consisting of 
tetraphenylene derivatives has not been explored. With a ground state Di^ geometry and 
a characteristic saddle-shaped conformation, it was foreseeable that the formation of 
supramolecules through interconnections of appropriate derivatives of tetraphenylene (1) 
would lead to many interesting molecular scaffolds. Triggered by these reasons, a 
research project was initiated in our laboratories on the construction of three-
dimensional molecular scaffolds using tetraphenylenols (in which the hydroxyl groups 
are strategically substituted) as building blocks. In a project which involves several 
members of our research group, five tetraphenylenols, namely, tetraphenylendiol 6649。， 
tetraphenylentetrao丨 6749b and 6849、tetraphenylenhexaol 6 广 and tetraphenyloctaol 
7049e were chosen as target compounds (Figure 1). 
Because of the very high barrier for ring inversion of tetraphenylene derivatives�"， 
tetraphenylenols 66, 67 and 69 are capable of existing as enantiomeric pairs. The 
synthesis and resolution of tetraphenylenols 66，67 and 69 has been successfully 
accomplished by Wen^Qa，Peng^^b and Wi/sd，respectively. On the other hand, 
tetraphenylenols 68 and 70 each contain planes of symmetry and therefore are achiral. In 
addition to the synthesis of these tetraphenylenols and the corresponding functional ized 
derivatives, the full plan of our group also included the use of these individual 
compounds as building blocks for the construction of molecular scaffolds by 
interconnecting them with quadrivalent metal ions. 
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Figure 1. Five tetraphenylenols as targeted building blocks in our laboratories 
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In the reaction of a tetraphenylenol with a quadrivalent metal tetrachloride, the 
number of hydroxy lie oxygen atoms chelated to the metal can be controlled by the 
amount of base used to neutralize the hydrogen chloride molecules produced. 
Therefore it was foreseeable that by the judicious combination of tetraphenylenol 
building blocks, various molecular scaffolds could be assembled through chelation with 
quadrivalent metal ions. A case in point of the construction of the simple molecular 
scaffold 72 was shown in Scheme 21，which could by materialized by first reacting 
tetraphenylenol 66 with MCU in the presence of two equivalents of base to give metal 
complex 71 followed by a further reaction of two equivalents of metal complex 71 with 
one equivalent of tetraphenylenol 67 and excess base. The existing possibility of the 
proposed molecular scaffold 72 was confirmed by ab initio calculations using a 
Gaussian 98 program at HF/ST0-3G* level." 
Other more complicated molecular scaffolds such as 73 shown in Figure 2 could 
20 
Scheme 21 
Q - O O H MCU 
I M 2equiv. base 、CI 
66 71 
H O - Q - G O H 2eq吸 70 Q " ^ 0 、 广 ^ ^ " ^ 
： M、 M^  
67 72 
also be put together by the proper choices of building blocks in the case of 
tetraphenylenols 67 and 68. 
Figure 2. The proposed molecular scaffold 73 consisting of tetraphenylenols 67 and 68 
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Progress along the above line of thinking has been preliminarily investigated by 
_ Wen49a and Peng49b，the members of our group. For an example, the optically pure 
tetraphenyleno 丨 67 has been linked together with chiral BINAP (74) and 
tetrakisphosphinotetraphenylene 75 in enantiopure forms by Pt(II) into a chiral 
. molecular scaffold 76 (Figure 3). These preliminary results illustrate that as more 
tetraphenylenols and the corresponding functionalized derivatives become available, the 
more structurally varied molecular scaffolds can be assembled. 
Figure 3. Optically pure 67’ 74 and 75 as building blocks and the molecular scaffold 76 
{R,R)-67 (R)-74 {R,R)-75 
76 
In this context, we wil l concentrate on improving the synthesis of 1,4,5,16-
tetrahydroxytetraphenylene (68) and its corresponding functionalized derivatives, as 
well as the preliminary exploration of.molecular scaffold consisting of tetraphenylenol 
68. 
22 
RESULTS AND DISCUSSION 
As stated in INTRODUCTION section, we would like to synthesize functionalized 
^ building blocks to construct ordered molecular scaffolds. The following section will 
discuss the synthesis of two tetraphenylene building blocks 68 and 77, as well as the 
preliminary results of molecular scaffold consisting of tetraphenylenol 68 and (S)-
(BINAP)PtC03 (78). 
Q Q r r ^ P h 
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2.1 Synthesis of 1,4,5,16-tetrahydroxytetraphenylene (68) 
The symmetry of molecular structure of 1,4,5,16-tetrahydroxytetraphenylene (68) is 
different from those of tetraphenylenols 67 and 70. Therefore, it would be difficult to 
introduce two identical moieties employing Wittig's cyclocoupling strategy and 
deprotection reactions (Figure 4).49M9e 
Thus, this tetraphenylenol 68 should only be synthesized from a pre-constructed 
eight-membered ring skeleton. In this way, two possible pathways should lead to the 
tetraphenylenol 68 (Scheme 22). 
In our previous works, Shek^^ had attempted to synthesize the tetraphenylenol 68 
following Route A. Unfortunately, it seems difficult to accomplish because he found that 
the preparation of 1,4-dimethoxydibenzo[fl,e]cyclooctene 80 directly from the 
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Figure 4. Wittig's cyclocoupling strategy and deprotection reactions 
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corresponding barrelene was impossible through a photo-induced rearrangement. 
Although cyclooctene 80 could be obtained finally, Shek had abandoned this approach 
due to complicated steps, difficulties in obtaining the precursor, tedious work-up and 24 
low yields. On the other hand, 1,10-dimethoxydibenzo[<3,e]cyclooctene (82), the key 
intermediate in route B could be obtained by photo-induced rearrangement of its 
corresponding barrelene. The corresponding barrelene, in turn, could be prepared by a 
series of simple classical reactions from the commercially available 1,10-
dihydroxyanthraquinone (86) as a precursor. The retrosynthetic analysis of 1,4,5,16-
tetrahydroxytetraphenylene (68) is outlined in Scheme 23. The synthesis of 
tetraphenylenol 68 was achieved by Hui"^ *^^ . The synthetic steps towards tetraphenylenol 
68 described in the following sections were based on Hui's work but were optimized and 
improved to a certain extent. 
Scheme 23 
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2.1.1 Preparation of l,10-dimethoxydibenzo[«,e]cyclooctene (82) 
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Firstly, we protected the two hydroxyl groups in 1,10-clihydroxyanthraquinone (86) 
as methoxy groups using common methylation reagents iodomethane and dimethyl 
sulfate. Two different methods〗* to obtain the protected anthraquinone were attempted as 
shown in Scheme 24. Both methods gave 1,8-dimethoxyanthraquinone (87) in high 
yields and in a smooth manner. However, the first method involved a phase transfer 
catalyst that required only room temperature operation, shorter reaction time and also led 
to slightly higher yield. 
The protected anthraquinone 87 was then reduced to its corresponding anthracene 
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After 1,8-dimethoxyanthracene (88) was obtained, dimethyl 9,10-ciihyciro-9,10-
etheno-l,8-dimethoxyanthracene-l 1,12-dicarboxylate (89) was prepared in 83% yield 
employing a Diels-Alder reaction between anthracene 88 and dimethyl 
acetylenedicarboxylate (DMAD).^^ The resulting adduct 89 was hydrolyzed by treatment 
with sodium hydroxide in boiling 40% aqueous methanol to give diacid 1,8-
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Dimethoxybarrelene (85)，the precursor of photo-induced rearrangement, was obtained 
in 76% yield after reductive bisdecarboxylation of diacid 90 in the presence of copper 
powder for 3 h o u r s " We also obtained a side product 1,8-dimethoxyanthracene (88) in 
6% yield. The formation of this side product is due to retro Diels-Alder reaction of 
diacid 90 at high temperature. It was also uncovered that anhydrous diacid 90 was 
important to maintain a high yield decarboxylation. The synthesis of 1,8-
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The key intermediate, l,10-dimethoxydibenzo[(3',e]cyclooctene (82), as shown in 
our retro synthetic scheme, was successfully prepared when the barrelene 85 was 
subjected to a photo-induced rearrangement in degassed tetrahydrofuran at room 
temperature (Scheme 26).^^ 
The structure of cyclooctene 82 obtained by photo-induced rearrangement of the 
barrelene 85 was fully characterized by 'H-NMR and '^C-NMR spectral data. Its 
structure was further substantiated by X-ray crystallographic analysis as depicted in 
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Scheme 34 
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Figure 5. 
Figure 5. X-ray crystallographic structure of dibenzocyclooctene 82 
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2.1.2 Preparation of l,12-dimethoxytribenzo[a,c,e]cyclooctene (97) 
After having accumulated a sufficient amount of the key intermediate, namely 1,10-
dimethoxydibenzo[a,e]cyclooctene (82), we began to construct two benzene rings into 
the skeleton in a stepwise manner. 
Following the previous works of our group and other s c i e n t i s t s , w e attempted 
to brominate^® cyclooctene 82 with one molar equivalent of bromine at 0°C in CCI4, 
which gave a mixture of 11,12-dibromo-11,12-dihydro-1,10-
dimethoxydibenzo[<2,e]cyclooctene (91) and 5,6-dibromo-5,6-dihydro-l,10-
diiTiethoxydibenzo[a,e]cyclooctene (92) under the optimized conditions (Scheme 27). 
We could not isolate the dibromide 91 or 92 due to their similar polarities and the 
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(generated in situ) was subjected to dehydrobromination using potassium r-butoxide in 
anhydrous tetrahydrofuran at room temperature, leading to acetylene 93 and 94, which 
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We found that the major product was the endoxide 84 which was produced in 26% 
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yield (from 82 to 84)，and also its isomer 95 and side product 96 in 6% and 19% yield, 
respectively. It can be seen that the major bromination product of 1,10-
diiTiethoxydibenzo[<3,e]cyclooctene (82) was dibromide 92 from the proportion of the 
products after the reaction, which is probably due to steric reason. Also, we tried to 
improve the yield of the desired endoxide 84 by using a less amount of potassium t-
butoxide in order to reduce the yield of the side product 96. However, we found that the 
yield of endoxide 84 was also reduced. 
It should be mentioned that the structures of endoxides 95 and 84 obtained from 
Diels-Alder reaction are exo adducts, which were confirmed by their "clean" proton 
NMR spectral and X-ray crystallographic s tud ies" 
Wong and co-workers^^ found that a mixture of titanium tetrachloride-lithium 
aluminum hydride was effective for the deoxygenation of endoxides. We successfully 
obtained 1,12-dimethoxytribenzo[67,c,e]cyclooctene (97) in 90% yield employing low-
valent-titanium reagent which was generated in situ by reduction of titanium(IV) 
chloride with zinc in triethylamine and tetrahydrofuran (Scheme 29). In this reaction, 
zinc power was used instead of lithium aluminum hydride (LAH) for the reduction of 
titanium(lV). 
Scheme 29 
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The structure of tribenzo[«,c,e]cyclooctene 97 obtained by deoxygenation of 
endoxide 84 was characterized by 'H-NMR and。C-NMR spectral data. Furthermore, its 
structure was also confirmed by an X-ray crystallographic analysis (Figure 6). 
Figure 6. X-ray crystallographic structure of tribenzocyclooctene 97 
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2.1.3 Preparation of l,4-endoxo-l,4-dihydro-5,16-diniethoxytetraphenylene (81) 
After having accumulated a sufficient amount of tribenzocyclooctene 97, we 
proceeded to construct the other benzene ring into the skeleton to furnish our compound 
through a second Diels-Alder route as described before.'^'' 
We tried to brominate the double bond of 1,12-
di!Tiethoxytribenzo[<3,c,e]cyclooctene (97) in a standard manner. Unfortunately, no 
reaction occurred while mixing tribenzocyclooctene 97 and one molar equivalent of 
bromine at 0 Only electrophilic substitution compound dibromide 98 was obtained. 
When the reaction temperature was increased to room temperature, some starting 
material was still detected by TLC after 24 hours. A large excess of bromine would 
increase the speed of the reaction, but tetrabromide 99 also resulted and no desired 
electrophilic addition compound was detected (Scheme 30). Using other brominating 
> 
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reagent, such as potassium bromide and cerium(IV) ammonium nitrate (CAN) also did 
not lead to bromination of the double bond of tribenzocyclooctene 97.62 八兮 a result, it is 
likely that the double bond on tribenzocyclooctene 97 is not electron-rich enough 
towards an electrophilic addition reaction. In addition, our previous works^' to examine 
the reactivity of the double bond in 1,12-dimethoxytribenzo[(3,c,(?]cyclooctene (97) 
towards hydrogenation also shown that the reactivity of the double bond was highly 
deactivated due to the steric bulkiness of the two adjacent methoxy groups as well as the 
benzene rings. 
Scheme 30 
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Finally, we allowed tribenzocyclooctene 97 to react with a large excess of bromine 
for 12 hours in refluxing anhydrous carbon tetrachloride, furnishing eventually only 
tetrabromide 99. 
With the tetrabromide 99 in hand, dehydrobromination reaction was carried out in 
order to generate the corresponding acetylene 100 and at the same time a large excess of 
furan was "pre-mixed" into the solvent system to trap acetylene 100 after its fresh 
generation. The overall reaction providing the endoxide 101 is shown in Scheme 31. 
Finally, A7-butyl lithium was employed to perform the lithium-halogen exchange 
reaction. In this way endoxide 101 was converted back to endoxide 81 (Scheme 32). 
The structure of endoxide 81 was fully characterized by 'H-NMR, "C-NMR and 
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Q Br Q Br B r Q Br 
巳*"2 , f-BuoK, 
MeO OMe MeO Br Br OMe MeO OMe 
97 99 100 




MeO ^ 0 - 4 OMe MeO ( - O y OMe 
101 81 
HRMS spectral data. The X-ray crystallographic analysis further proved the success of 
constructing two benzene rings into the eight-membered ring skeleton (Figure 7). 
2.1.4 Preparation of 1,4,5,16-tetrahydroxytetraphenylene (68) 
With endoxide 81 in hand, we then proceeded to open the endoxide ring under acid 
conditions to restore its aromaticity. The corresponding phenol 102 was obtained 
successfully (Scheme 33).^^ 
According to the literature, one way to synthesize benzoquiones is by oxidation of a 
phenolic precursor by the typical oxidants salcomine '^^  and Fremy's salt.^^ We utilized 
both reagents to oxidize phenol 102. 
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Figure 7. X-ray crystallographic structure of endoxide 81 
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salcomine Fremy's salt 
. Unfortunately, both oxidation reactions were not complete within a reasonable time. 
In addition, it was so difficult to separate the starting material phenol 102 and the 
product benzoquione 103 by column chromatography. However, phenol 102 would not 
affect the reduction towards hydroquinone 83. Consequently, we directly reduced the 
crude products with zinc powder under acidic conditions^^ to successfully obtain 
hydroquinone 83. The unreacted phenol 102 was recycled (Scheme 34). 
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l,4-Dihydroxy-5,16-dimethoxytetraphenylene (83) was deprotected by boron 
tribromide，67 a commonly used Lewis acid for demethylation of anisoles, to afford 
1,4,5,16-tetrahydroxytetraphenylene (68) in good yield (Scheme 35). However, 
tetrahydroxytetraphenylene 68 is relatively unstable when it was exposed to air and light 
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The structure of tetraphenylenol 68 was fully characterized by 'H-NMR, '^C-NMR 
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and HRMS spectral data. Although tetraphenylenol 68 was sensitive to air, we did obtain 
its single crystal at -15 to -20°C under nitrogen (Figure 8). The detailed data are 
included in APPENDICES section. 
Figure 8. X-ray crystallographic structure of tetraphenylenol 68 
989 ^  
2.2 Molecular scaffold consisting of tetraphenylenol 68 and (5)-(BINAP)PtC03 
With 1,4,5,16-tetrahydroxytetraphenylene (68) in hand, we then explored the 
possibilities for the formation of platinum complexes. Firstly, a chiral BINAP platinum 
complex, namely (iS)-(BINAP)PtC03 (78) was prepared according to Gagne's method.^^ 
Thus, reaction of (5>BINAP (74) with (C0D)PtCl2 provided the corresponding (5> 
(BINAP)PtCl2 (104), which was converted readily to the desired (5>(BINAP)PtC03 (78) 
by reaction with Ag2C03 in wet dichloromethane under darkness (Scheme 36). 
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Then ^'P-NMR spectrum was employed to trace the reaction between 
tetraphenylenol 68 and (5)-(BINAP)PtC03 (78). We have found when the molar ratio of 
tetraphenylenol 68 and (5)-(BINAP)PtC03 (78) was 1:2 and the reaction mixture was 
heated at 65-70°C for 24 hours in degrassed tetrahydrofuran, the peak of (S)-
(BINAP)PtC03 (78) disappeared and a new triplet peak at 4.03 ppm (Jp.pt = 1826 Hz) 
was observed (Scheme 37). Unfortunately, all the attempts to obtain single crystals of 
the complex have so far been unfruitful. However, the protonated molecular ion peak of 
platinum complex 105 in its ESI-TOF mass spectrum was observed at m/e 1999.4026, 
which is in good agreement with the theoretical value of 1999.4068 for the molecular 
formula Cii2H7604P4Pt2H, and the elemental analysis (Anal. Calcd. for Cii2H7604P4Pt2： 
C, 67.26; H, 3.83. Found: C, 67.53; H, 3.97) also proved the formula of molecular 
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2.3 Preparation of 1,4,5,16-tetracyanotetraphenylene (77) 
The relatively poor coordination efficiency of the hydroxy! groups of 
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tetraphenylenols prevents its direct usage in our self-assembly research. This has 
promoted us to try to convert the hydroxyl groups into pyridinyl, diphenylphosphinyl 
and acetylenyl groups as metal coordination sites^^ in order to provide suitable 
tetraphenylene building blocks that can chelate with a wide range of metal ions. 
Firstly, tetraphenylenol 68 was readily converted into 1,4,5,16-
tetra(trifluoromethanesulfonlyoxy)tetraphenylene (106) with triflic anhydride in the 
presence of pyridine (Scheme 38)7^ 
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The structure of tetratriflatetetraphenylene 106 has been fully confirmed by 'H-
NMR，。C-NMR and HRMS spectral data, as well as an elemental analysis and an X-ray 
crystallographic analysis (Figure 9). 
Unfortunately, our attempts in the quest for diphenylphosphinyl and acetylenyl 
substituted tetraphenylenes have so far been unfruitful even after many possible 
conditions^' were tested. 
To our delight, we have successfully obtained 1,4,5,16-tetracyanotetraphenylene 
(77), a potential building block, after many failures. Thus, 1,4,5,16-
tetracyanotetraphenylene (77) was synthesized using zinc cyanide as a cyanide source by 
a palladium-catalyzed cyanation of tetratriflatetetraphenylene 106 (Scheme 39). 
However, the poor overall yield somehow prevents its employment in further 
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In summary, the synthesis of 1,4,5,16-tetrahydroxytetraphenyIene (68)，through 
1,10-dimethoxydibenzo[a,e]cyclooctene (82) as the key intermediate, was accomplished 
in 18 steps and the overall yield was found to be 3%. The corresponding derivative 
1,4,5,16-tetracyanotetraphenylene (77) was also synthesized as a potential building 
block. In addition, a platinum complex 105 was synthesized consisting of 1,4,5,16-




All reagents and solvents were reagent grade. Further purification and drying by 
standard method” were employed when necessary. All evaporations of organic solvents 
were carried out with a rotary evaporator. The plates used for thin-layer chromatography 
(TLC) were E. Merck silica gel 6OF254 (0.25 mm thickness) precoated on aluminum 
plates, and were visualized under both long (365 nm) and short (254 nm) UV light. 
Compounds on TLC plates were visualized with a spray of 5% 
dodecamolybdophosphoric acid in ethanol and with subsequent heating. Column 
chromatography was performed using E. Merck silica gel (230-400 mesh) or Qingdao 
Haiyang silica gel (300-400 mesh). 
Melting points were measured on a Reichert Microscope apparatus and were 
uncorrected. NMR spectra were recorded on a Bruker MHz DPX-300 spectrometer 
(300.13.MHz for 'H and 75.47 MHz for '^C). All NMR measurements were carried out 
at room temperature in deuterated chloroform solution unless otherwise stated. Chemical 
shifts are reported as parts per million (ppm) in 5 units on the scale downfield from 
tetramethylsilane (TMS) or relative to the resonance of chloroform solvent (7.26 ppm in 
the 'H, 77.0 ppm for the central line of the triple in the。C modes, respectively). 
Coupling constants (J) are reported in hertz (Hz). Splitting patterns are described as "s" 
(singlet); "d" (doublet); " t" (triplet); “m” (multiplet). 'H NMR data are reported in this 
order: chemical shifts; multiplicity; coupling constant(s), number(s) of proton. ^'P NMR 
spectra .were recorded at 161.9 MHz using an IN OVA Varian 400 spectrometer; chemical 
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shifts were referenced to external 0.0485 M TPP (5 = 0.00 ppm). Mass spectra was 
obtained with a HP 5989B spectrometer, and recorded at ionization energy of 70eV 
unless otherwise stated. In all case, signals are reported as m/e. Elemental analyses were 
performed at Shanghai Institute of Organic Chemistry, The Chinese Academy of 
Sciences, China. Single crystal X-ray diffraction data for compounds were collected at 
293 K by SHELXTL PLUS (PC Version) with P4 X-ray four circle diffractometer. 
1,8-Dimethoxyanthraquinone (87) 
Method a54: 
To a vigorously stirred solution of 1,8-dihydroxyanthraquinone (86) (25.0 g, 104 
mmol) in CH2CI2 (1000 mL) was added a solution of 0.4 N NaOH (1000 mL) and 
tetraethylammonium bromide (7.5 g, 23.4 mmol). After stirred for 10 minutes, dimethyl 
sulfate (27.5 mL, 300 mmol) was added and the mixture was stirred for 4 hours at room 
temperature. After layer separation, the organic layer was washed with 2 N ammonia 
solution (200 mL) and brine (100 mL), and then dried over anhydrous sodium sulfate. 
The solution was filtered and the filtrate was concentrated under reduced pressure to 
give a residue, which was chromatographed on a silica gel column (600 g, 
hexanes:EtOAc 5:1) to give 1,8-dimethoxyanthraquinone (87) (27.4 g, 95%) as a yellow 
solid: mp 223-224 °C (lit^^ 223-235 °C); 'H NMR (CDCI3) 5 4.00 (s，6H)，7.28-7.31 (dd, 
J= 8.4 Hz, 0.6 Hz, 2H), 7.60-7.66 (t, 9.0 Hz, 2H), 7.81-7.83 (dd, J = 7.8 Hz, 1.2 Hz, 




To a vigorously stirred solution of 1,8-dihydroxyanthraquinone (86) (25.0 g，104 
mmol) in acetone (650 mL) was added K2CO3 (20 g, 14.5 mmol). Then the mixture was 
heated to reflux and dimethyl sulfate (27.5 mL, 300 mmol) was added through a 
dropping funnel in 1 hour. The mixture was re fluxed for a further 12 hours. After cooling 
to room temperature, the residue was filtered off and washed with acetone (2 x 50 mL). 
The combined organic solvent was dried over anhydrous sodium sulfate and then 
evaporated under reduced pressure. The residue was chromatographed on a silica gel 
column (600 g, hexanesiEtOAc 5:1) to give 1,8-dimethoxyanthraquinone (87) (25.3 g, 
90%) as a yellow solid. The physical and spectroscopic data are identical to those of an 
authentic sample prepared previously. 
1,8-Dimethoxyanthracene (88尸 
To a 10% NaOH solution (450 mL) of 1,8-dimethoxyanthraquinone (87) (30.0 g, 
112 mmol) was added zinc powder (38 g, 575 mmol). The mixture was stirred and 
heated for 28 hours. After cooling to room temperature, the reaction mixture was filtered 
with suction filtration and the filtered cake was washed with CH2CI2 (5 x 400 mL). The 
combined organic extracts were dried over anhydrous sodium sulfate and then 
evaporated under reduced pressure. The residue was chromatographed on a silica gel 
column (500 g, hexanesiCF^Cb 6:1) to give 1,8-dimethoxyanthracene (88) (22.8 g, 86%) 
as yellow needles: mp 199。C (lit"^ ^ 199-200 °C); 'H NMR (CDCI3) 5 4.09 (s，6H), 6.72-
6.75 (d, 7.5 Hz, 2H), 7.35-7.41 ( t ， 7 . 5 Hz, 2H)，7.56-7.58 (d, J = 8.4 Hz, 2H), 
8.32 (s，IH), 9.25 (s, IH); '^C NMR (CDCI3) 6 55.48，101.52’ 115.69’ 120.17，124.42, 
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125.11，125.61，132.87，155.91. 
Dimethyl 9,10-dihydro-9,10-etheno-l,8-dimethoxyanthracene-ll,12-dicarboxylate (89)^ ^ 
A mixture of 1,8-dimethoxyanthracene (88) (20.0 g, 84.0 mmol) and dimethyl 
acetylenedicarboxylate (20.0 g, 142 mmol) in toluene (75 mL) was refluxed with stirring 
for 12 hours. The reaction mixture was cooled with an ice water bath and filtered with 
suction filtration. The filtered cake was washed with ice cooled abs. ethanol (3x10 mL) 
and dried at room temperature to give the crude product. Recrystallization from absolute 
ethanol afforded dimethyl 9,10-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-
dicarboxylate (89) (13.3 g, 83%) as a pale yellow solid: mp 264-265 °C (lit^' 263-264 
°C); 'H NMR (CDCI3) 5 3.76 (s, 6H)，3.80 (s, 3H)，3.85 (s, 3H)，5.48 (s, IH), 6.35 (s, 
IH), 6.59-6.62 (dd，J= 7.8 Hz, 0.6 Hz, 2H), 6.92-6.98 (t，J= 7.5 Hz, 2H), 7.01-7.03 (d， 
J = 6.9 Hz, 2H); '^CNMR(CDCl3) 5 39.57, 52.33, 52.53, 55.94, 109.04, 116.64, 126.19, 
131.42’ 146.73, 147.02，148.48, 154.65, 165.75，166.34. 
9,10-Dihydro-9,10-etheno-l,8-dimethoxyanthracene-ll,12-dicarboxyIic acid (90)57 
To a stirred solution of NaOH (45.0 g, 1140 mmol) in 40% aqueous methanol (900 
mL) was added dimethyl 9,10-dihydro-9,10-etheno-l ,8-dimethoxyanthracene-11,12-
dicarboxylate (89) (30.0 g, 78.9 mmol). The mixture was allowed to reflux for 4 hours, 
and then cooled to room temperature. The reaction mixture was acidified with 36% HCl 
to pW 2 and filtered with suction filtration. The residue was recrystallized from absolute 
ethanol to give 9,10-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylic 
acid (90) (8.1 g, 92%) as a white solid: mp 284-286 °C; 'H NMR (CD3COCD3) 5 3.85 (s, 
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6H), 4.09 (s, 2H), 5.82 (s，IH), 6.66 (s，IH), 6.71-6.74 (dd, J = 8.1 Hz, 0.6 Hz, 2H), 
6.97-7.02 (t, J = 7.5 Hz, 2H), 7.09-7.12 (d, J= 7.2 Hz, 2H); '^C NMR (CD3COCD3) 5 
41.00, 54.34, 56.14, 109.76’ 117.52, 127.15, 132.25, 147.86, 149.66, 150.46，155.63, 
166.72’ 167.25; MS m/e 352 (M+). HRMS (EI) Calcd. for C20H16O6： 352.0941. Found 
352.0943. 
1,8-Dimethoxybarrelene (85尸 
To a vigorously stirred solution of anhydrous 9,10-dihydro-9,10-etheno-1,8-
dimethoxyanthracene-11,12-dicarboxylic acid (90) (12.0 g, 29.8 mmol) in quinoline 
(300 mL) was added copper powder (11.3 g, 170 mmol). The reaction mixture was 
refluxed for 3 hours under nitrogen. After cooling to room temperature, CH2CI2 (800 mL) 
was added to the mixture and the residue was then filtered. The filtrate was washed with 
0.5 N HCI (5 X 300 mL) and dried over anhydrous sodium sulfate. After evaporation of 
the solvent under reduced pressure, the residue was chromatographed on a silica gel 
column (600 g, hexanes:EtOAc 8:1) to give 1,8-dimethoxybarreIene (85) (7.2 g, 76%) as 
colorless crystals: mp210°C (lit^' 211-212。C); 'H NMR (CDCI3) 6 3.85 (s, 6H), 5.14-
5.16 (dd,y= 5.4 Hz, 1.8 Hz, IH), 6.07-6.10 (dd, J = 5.7 Hz, 1.8 Hz, 1H), 6.56-6.59 (dd, 
J = 7.8 Hz, 1.2 Hz, 2H), 6.88-7.04 (m, 6H); '^C NMR (CDCI3) 6 37.38，51.54, 55.79, 
108.15, 116.10, 125.08, 133.77, 139.68, 140.26, 149.09, 154.00. 
I,10-Dimethoxydibenzo[a,e]cyclooctene (82)58 
A solution of 1,8-dimethoxybarrelene (85) (2.0 g, 7.58 mmol) in degassed 
anhydrous THF (1000 mL) was irradiated with a mercury lamp (125 W medium pressure) 
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at room temperature for 48 hours under nitrogen. After evaporation of the solvent under 
reduced pressure, the residue was chromatographed on a silica gel column (200 g, 
hexanes:CH2Cl2 5:1) to give 1,10-dimethoxydibenzo[<3,e]cyclooctene (82) (1.9 g, 95%) 
as colorless crystals: mp 206 °C (lit^' 207-208 °C); 'H NMR (CDCI3) 6 3.78 (s, 6H), 
6.66-6.69 (m，4H), 6.73-6.74 (d, J = 2.4 Hz, 2H), 7.11-7.16 (t, J = 8.1 Hz, 2H); '^C 
NMR (CDCI3) 6 55.54, 108.53，121.07, 126.51，127.81, 129.23，132.96, 138.50，157.33. 
Crystallization from 50 % ethyl acetate in CH2CI2 at room temperature gave colorless 
crystals, which is sufficient for X-ray crystallographic analysis. 
ll,12-dibromo-ll,12-dihydro-l,10-dimethoxydibenzo[a,e]cyclooctene (91); 5,6-
Dibromo-5,6-dihydro-l,10-dimethoxydibenzo[fl,^]cyclooctene (92)^° 
To a suspension of l,8-dimethoxydibenzo[a,e]cyclooctene (82) (1.0 g, 3.8 mmol) in 
anhydrous CCI4 (60 mL) was added slowly a solution of bromine (0.64 g, 4.0 mmol) in 
anhydrous CCI4 (20 mL) through a dropping funnel within 2 hours at 0°C under nitrogen. 
After addition, the mixture was allowed to reach room temperature and stirred for an 
additional 2 hours. The reaction was quenched by addition of 5% NasSsOs (15 mL). The 
mixture was extracted with CH2CI2 (3 x 50 mL), and the combined organic extracts were 
dried over anhydrous sodium sulfate and evaporated under reduced pressure to give 
11,12-dibromo-11,12-dihydro-1,10-dimethoxydibenzo[<af,e]cyclooctene (91) and 5,6-
dibromo-5,6-dihydro-l,10-dimethoxydibenzo[a,e]cyclooctene (92) as white solids. 





To a solution of freshly sublimed 沾uOK (1.1 g, 10 minol) in anhydrous THF (30 
mL) and furan (50 mL) under nitrogen was added slowly a solution of previously 
prepared dibromides 91 and 92 (1.6 g, 3.8 mmol) {vide supra) in anhydrous THF (20 mL) 
and furan (30 mL) within 5 minutes. After the solution was stirred for 15 minutes, brine 
(20 mL) was added. The organic layer was separated and dried over anhydrous sodium 
sulfate, and the filtrate was then stirred for further 72 hours under nitrogen. The solvent 
was evaporated under reduced pressure and the residue was separated by 
chromatography on a silica gel column (30 g, hexanes:CH2Cl2 5:1) to give 1,4-endoxo-
l,4-dihydro-5,14-dimethoxytribenzo[fl',c,ejcyclooctene (95) (0.05 g, 6%) as a white solid; 
l,4-endoxo-l,4-dihydro-8,l l-dimethoxytnbenzo[^?,c,<?]cyclooctene (84) (0.19 g, 26%) as 
a white solid; 5-,e"-butoxy-l，10-dimethoxydibenzoc[“,c]cyclooctene (96) (0.15 g, 19%) 
as a pale yellow solid. 
For (95): mp 142-144。C (lit^' 145-146。C); 'H NMR (CDCI3) 8 3.75 (s, 6H), 5.40-5.41 
(t, 2H)，6.41 (s, 2H), 6.63-6.66 (dd, J = 8.1 Hz, 0.6 Hz, 2H), 6.68-6.71 (dd, J=7 .8 Hz, 
0.9 Hz, 2H), 7.11-7.16 (dd ,J= 7.4 Hz, 7.4 Hz, 2H), 7.16 (s, 2H); '^C NMR (CDCI3) 6 
55.24, 87.38，108.86, 122.02，124.21, 128.21, 133.39, 138.63, 142.54, 152.44, 158.03. 
For (84): mp 150-152。C (lit^' 150-151 °C); 'H NMR (CDCI3) 5 3.77 (s, 6H), 5.33-5.34 
(t, 2H), 6.31-6.34 ( d d ， 7 . 8 Hz, 0.9 Hz, 2H), 6.54 (s，2H)，6.68-6.71 (dd, J = 7.8 Hz, 
0.6 Hz, 2H), 7.13-7.18 (dd, J = 8.1 Hz, J = 8.1 Hz, 2H), 7.35-7.36 (t, 2H); '^C NMR 
(CD2CI2) 6 56.13, 88.40, 109.66, 115.41, 126.52, 129.01, 130.51, 136.93，143.02，152.22, 
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158.29. 
For (96): mp 197-198。C (lit^^ 196-197。C); NMR (CDCI3) 5 1.22 (s, 9H), 3.70 (s, 
3H), 3.75 (s, 3H), 6.32 (s, 3H), 6.44-6.51 (m, 3H)，6.74-6.76 (d, J = 6.9 Hz, 2 H), 7.25-
7.34 (m, 3H); '^C NMR (CDCI3) 6 29.00, 50.40, 55.61, 56.01, 78.29, 110.43, 111.80， 
113.49，113.73，116.45，127.51, 128.00, 128.62, 128.98, 130.77, 132.21, 132.77，133.91, 
137.12, 149.79，156.67, 157.10. 
l,12-Diniethoxytribenzo[fl,c,e]cyclooctene (97产 
Anhydrous THF (15 mL) was added to titanium(IV) chloride (2.0 mL, 18.2 mmol) 
dropwise under nitrogen with stirring at 0 Zinc powder (2.0 g, 30 mmol) was added, 
followed by triethylamine (0.60 mL, 4.4 mmol). After refluxed for 2 hours, a suspension 
of 1,4-endoxo-1,4-dihydro-8,11 -dimethoxytribenzo[a,c,e]cyclooctene (84) (1.0 g, 3.0 
mmol) in anhydrous THF (50 mL) was added dropwise to the low-valent-titanium 
solution. The reaction mixture was then stirred at refluxing temperature for further 20 
hours. After cooling to room temperature, Saturated K2CO3 solution (20 mL) was added, 
followed by extraction with CH2CI2 (3 x 50 mL). The combined organic layers were 
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residue 
was chromatographed on a silica gel column (60 g, hexanes:EtOAc 9:1) to give 1,12-
dimethoxytribenzo[<7,c,e]cyclooctene (97) (0.86 g 90%) as colorless crystals: mp 210 °C 
(lit^' 212-213。C); 'H NMR (CDCI3) 5 3.80 (s, 6H), 6.73 (s’ 2H), 6.75-6.80 (in, 4H), 
7.14-7.22 (m，4H), 7.36-7.39 ( d d ， 5 . 4 Hz, 3.3 Hz, 2H); '^C NMR (CDCI3) 6 55.66， 
109.01，122.11, 126.57, 127.08，127.91, 128.87, 129.70, 141.89’ 143.02, 156.34. 
Crystallization from 50% hexanes in CH2CI2 at room temperature gave colorless crystals, 
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which is sufficient for X-ray crystallographic analysis. 
4,9,13,14-tetrabromo-13,14-dihydro-l,12-dimethoxytribenzo[a,c,£f]cyclooctene (99) 
To a suspension of 1,12-dimethoxytribenzo[<3,c,e]cyclooctene (97) (0.30 g, 1.0 
mmol) in anhydrous CCU (50 mL) was added bromine (1.58 g, 10.0 mmol). The mixture 
was stirred and refluxed for 12 hours, and then cooled to room temperature. The reaction 
was quenched by addition of 5% NasSaOs (20 mL), and extracted with CH2CI2 (3 x 50 
mL). The combined organic extracts were dried over anhydrous sodium sulfate and 
evaporated under reduced pressure to give 4,9,13,14-tetrabromo-13,14-dihydro-1,12-
dimethoxytribenzo[<3,c,e]cyclooctene (99) as a white solid. The compound was not 
purified further and was used immediately in the next step. 
8,13-dibromo-l,4-endoxo-l,4-dihydro-5,16-dimethoxytetraphenylene ( lOl / ‘ 
To a solution of freshly sublimed /-BuOK (0.56 g, 5.0 mmol) in anhydrous THF (20 
mL) and furan (20 mL) under nitrogen was added dropwise a solution of previously 
prepared tetrabromide 99 {vide supra) in anhydrous THF (20 mL) and furan (30 mL) 
within 30 minutes. After the solution was stirred for 4 hours, 0.5 N HCl (20 mL) was 
added. The mixture was extracted with CH2CI2 (3 x 50 mL). The combined organic 
extracts were washed with brine (20 mL), dried over anhydrous sodium sulfate, and then 
evaporated under reduced pressure. The residue was chromatographed on a silica gel 
column (30 g, hexanes:EtOAc 4:1) to give 8,13-dibromo-l,4-endoxo-l,4-dihydro-5,16-
dimethoxytetraphenylene (101) (0.30 g, 62%) as a colorless solid: mp 253-255。C (lit^' 
254-255。C); 'H NMR (CDCI3) 6 3.82 (s, 6H), 5.58-5.59 (d, J = 0.9 Hz, 2H), 6.44 (s, 
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2H), 6.67-6.70 ( d ， 9 Hz, 2H), 6.94-6.97 (dd, J= 5.7 Hz, 3.3 Hz, 2H), 7.23-7.26 (dd, J 
=5.7 Hz, 3.3 Hz, 2H), 7.45-7.48 (d, J = 8.7 Hz, 2H); '^C NMR (CDCI3) 5 55.87’ 85.15, 
110.96, 113.86，124.60, 126.65, 130.92，132.87, 139.26, 141.81, 143.11，152.14，156.47; 
MS m/e 540 (M+ + 2), 538 (M+). HRMS (EI) Calcd. for CseHisOsBr?: 537.9597. Found: 
537.9628. 
l,4-Endoxo-l,4-dihydro-5,16-dimethoxytetraphenylene (81)^' 
To a vigorously stirred solution of 8,13-dibromo-1,4-endoxo-1,4-dihydro-5,16-
dimethoxytetraphenylene (101) (0.2 g, 0.37 mmol) in THF (50 mL) at -78。C，1.6 M n-
BuLi (1.0 mL) in hexane was added. The mixture was stirred at -78 °C for 2 hours and 
then slowly increased to -10 The reaction was quenched by addition of brine (20 
mL), and extracted with CH2CI2 (3 x 50 mL). The combined organic extracts were dried 
over anhydrous sodium sulfate and evaporated under reduced pressure. The residue was 
chromatographed on a silica gel column (50 g, hexanes:EtOAc 5:1) to give 1,4-endoxo-
1,4-clihydro-5,16-dimethoxytetraphenyIene (81) (0.1 g, 73 %) as a white solid: mp 254-
255。C (lit6i 251-253。C); 'H NMR (CDCI3) 6 3.87 (s, 6H), 5.64 (s, 2H), 6.59 (s, 2H), 
6.79-6.84 (m, 4H)，6.95-6.98 (dd, J = 5.7 Hz, 3.3 Hz, 2H), 7.20-7.26 (m, 4H); '^C NMR 
(CDCI3) 5 55.69’ 85.55, 109.28, 122.14, 123.08, 126.69，128.84, 130.65，140.78，143.26, 
144.02, 151.60, 157.16; MS m/e 381 (M+ + 1)，380 (M+). HRMS (EI) Calcd. for 
C26H20O3 (M+): 380.1407. Found: 380.1397. Crystallization from 30 % ethyl acetate in 




A mixture of 1,4-endoxo-1,4-dihydro-5,16-dimethoxytetraphenylene (81) (0.15 g, 
0.39 mmol) and 36% HCl (1.0 mL) in MeOH (50 mL) was refluxed with stirring for 4 
hours. After cooling to room temperature, the reaction was quenched by addition of 
brine (30 mL), and extracted with CH2CI2 (3 x 50 mL). The combined organic extracts 
were dried over anhydrous sodium sulfate and evaporated under reduced pressure. The 
residue was chromatographed on a silica gel column (10 g, hexanesiEtOAc 3:1) to give 
1 -hydroxy-5,16-dimethoxytetraphenylene (102) (0.13 g 87%) as a white solid: mp 283-
285 °C (lit^' 284-285 °C); NMR (CDCI3) 6 3.67 (s, 3H)，3.74 (s, 3H), 6.75-6.75 (dd, 
J = 2 . 7 Hz, 1.2 Hz, IH), 6.76-6.77 (dd, J=2 .7 Hz, 0.9 Hz, IH), 6.78-6.81 (J= 8.1 Hz, 
1.2 Hz, IH), 6.84 (s, IH), 6.86-6.86 ( d , / = 0 . 9 Hz, IH), 6.88-6.91 {dd, J = 8.4 Hz, 0.9 
Hz, IH), 7.13-7.16 (m, 3H), 7.19-7.26 (m, 4H) ； '^C NMR (CDCI3) 5 56.18, 56.45, 
110.89，114.15, 120.82, 121.52, 122.58, 122.73, 123.81, 124.02, 127.10, 127.32, 127.92, 
128.00, 128.05, 128.32，129.14，130.15, 138.52, 140.74，141.14，143.10, 144.97, 152.45, 
155.87, 156.04. MS m/e 381 (IVT + 1)，380 (M+). HRMS (EI) Calcd. for C26H20O3 (M+): 
380.1407. Found: 380.1430. 
l,4-Dihydroxy-5,l6-dimethoxytetraphenylene (83) 
Method 八64: 
A mixture of 1-hydroxy-5,16-dimethoxytetraphenylene (102) (80 mg, 0.21 mmol) 
and salcomine (30 mg, 0.09 mmol) in anhydrous THF (50 mL) was vigorously stirred 
under oxygen atmosphere for 72 hours. The mixture was then filtered through Celite pad 
using CH2CI2 as the eluted solvent. The combined filtrate was concentrated to give 1,4-
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dioxo-5,16-dimethoxytetraphenylene (103). 
A mixture of 1,4-dioxo-5,l 6-dimethoxytetraphenylene (103) {vide supra) and zinc 
powder (100 mg, 1.5 mmol) in acetic acid : water (2:1) solution (20 mL) was refluxed 
with stirring for 2 hours. The mixture was extracted with CH2CI2 (3 x 30 mL). The 
combined organic extracts were dried over anhydrous sodium sulfate and evaporated 
under reduced pressure. The residue was chromatographed on a silica gel column (10 g, 
hexanesiCHiCb 1:2) to give 1,4-dihydroxy-5,16-dimethoxytetraphenylene (83) (25 mg, 
77 % (reacted yield)) as a white solid: mp 240-241。C (lit^' 241-242。C); 'H NMR 
(CD2CI2) 5 3.77 (s, 6H), 4.56 (s, 2H), 6.71 (s, 2H), 6.82-6.84 (dd, J = 7.5 Hz, 0.9 Hz), 
6.93-6.96 (dd, J = 7.5 Hz, 0.9 Hz), 7.16-7.18 (dd, J= 5.7 Hz, 2.4 Hz, 2H)，7.28-7.33 (m, 
4H) ； '^C NMR (CD3COCD3) 5 56.52, 111.79, 115.47, 122.43，126.57, 127.44, 127.78, 
128.77，128.84，142.61, 144.61，148.02，157.77. MS m/e 396 (M+). HRMS (El) Calcd. 
for C26H20O4： 396.1356. Found 396.1375. 
Method b65: 
To a vigorously stirred solution of l-hydroxy-5,16-dimethoxytetraphenylene (102) 
(80 mg, 0.21 mmol) in acetone (10 mL) was added a buffer solution (NaaHPCU, 
NaH2P04, pW = 5.8，10 mL) of Fremy's salt (280 mg, 1.0 mmol). The resulting mixture 
was vigorously stirred for 10 hours. The mixture was extracted with CH2CI2 (3 x 20 mL). 
The combined organic extracts were dried over anhydrous sodium sulfate and evaporated 
under reduced pressure to give l,4-dioxo-5,16- dimethoxytetraphenylene (103). 
A mixture of 1,4-dioxo-5,l6-dimethoxytetraphenylene (103) {vide supra) and zinc 
powder (100 mg, 1.5 mmol) in acetic acid : water (2:1) solution (20 mL) was refluxed 
with stirring for 2 hours. The mixture was extracted with CH2CI2 (3 x 30 mL). The 
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combined organic extracts were dried over anhydrous sodium sulfate and evaporated 
under reduced pressure. The residue was chromatographed on a silica gel column (10 g, 
hexanes: CH2CI2 1:2) to give 1,4-dihydroxy-5,l 6-dimethoxytetraphenylene (83) (19 mg, 
58 % (reacted yield)) as a white solid. The physical and spectrometric data are identical 
with an authentic sample prepared previously. 
1,4,5,16-Tetrahydroxytetraphenylene (68/7 
To a vigorously stirred solution of l,4-dihydroxy-5,l 6-dimethoxytetraphenylene 
(83) (20 mg, 0.05 mmol) in CH2CI2 (10 mL) at 0 °C was added 0.5 m M BBr3 (1 mL) in 
CH2CI2 slowly. The mixture was allowed to stir for 12 hours at 0 and slowly 
increased to room temperature. The reaction was quenched by addition of brine (10 mL), 
and extracted with CH2CI2 (3 x 30 mL). The combined organic extract was dried over 
anhydrous sodium sulfate and evaporated under reduced pressure. The residue was 
chromatographed on a silica gel column (10 g, hexanes:EtOAc 1:2) to give 1,4,5,16-
tetrahydroxytetraphenylene (68) (17.2 mg, 93%) as a white solid: m p 129。C (dec) (lit^ ' 
135。C (dec)); 'H N M R (CD3COCD3) 6 6.55-6.58 (dd,./= 7.5 Hz, 1.2 Hz, 2 H), 6.61 (s, 
2 H), 6.70-6.73 (dd, J = 8.1 Hz, 0.9 Hz, 2H), 7.01-7.04 (dd, J = 7.8 Hz, 7.8 Hz, 2 H), 
7.14-7.16 (m, 2H), 7.20-7.22 (m, 2H); '^ C N M R (CD3COCD3) 5 115.37, 117.01, 121.31, 
124.47, 125.82, 127.77, 128.88，129.06，142.73，144.55, 148.43, 154.79. M S m/e 368 
(M+). H R M S (FAB) Calcd. for C24H16O4： 368.1043. Found 368.1071. Crystallization 
from acetone at -15 °C to -20 °C under nitrogen gave colorless crystals, which is 
sufficient for X-ray crystallographic analysis. 
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(5)-(BINAP)PtCl2 (104)68 
To a solution of (C0D)PtCl2 (36.0 mg, 0.1 mmol) in CH2CI2 (5 mL) was added 
dropwise (5)-BINAP (74) (50 mg, 0.1 mmol) in CH2CI2 (5 mL). The mixture was 
allowed to stir for 2 hours, and the solvent was removed under reduced pressure and the 
residue was recrystallized in CH2CI2 and hexanes to give (5)-(BINAP)PtCl2 (104) (73 
mg, 86%) as a white powder: mp > 300 °C; 'H N M R (CDCI3) 6 6.66-6.73 (m, 4H), 
6.73-6.76 (m，4H), 7.10-7.12 (m, 4H)，7.35-7.59 (m, 18H), 7.80-7.84 (m, 4H); ^^PNMR 
(CDCI3) 5 22.43 (Jp.pt = 1854 Hz); M S m/e 852 (M-C1)+. H R M S (FAB) Calcd. for 
C44H32CI PzPti： 852.1310. Found 852.1308. 
GS>(BINAP)PtC03 (78)68 
To a solution of (5)-(BINAP)PtCl2 (104) (30 mg, 0.038 mmol) in wet CH2CI2 (10 
m L ) was added silver carbonate (20 mg, 0.07 mmol) in wet CH2CI2 (10 mL). The 
mixture was stirred in darkness for 10 hours and then filtered through Celite pad to 
remove the AgCl. The solvent was removed under reduced pressure and the residue was 
recrystallized in CH2CI2 and Hexanes to give (5)-(BINAP)PtC03 (78) (23 mg, 80%) as a 
pale yellow powder: m p > 300。C; 'H N M R (CDCI3) 6 6.61-6.63 (m, 4H), 6.80 (m, 2H), 
6.95-7.12 (d, J= 8.4 Hz, 2H), 7.13-7.21 (m，4H)，7.38-7.59 (m, 16H), 7.88-7.91 (m, 4H); 
31P N M R (CDCI3) 6 16.11 (Jp.pt= 1812 Hz). 
Platinum complex (105) 
To a solution of 1,4,5,16-tetrahydroxytetraphenylene (68) (11 mg, 0.03 mmol) in 
dry T H F (5 m L ) was added (5)-(BINAP)PtC03 (78) (55 mg, 0.06 mmol) under nitrogen. 
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The mixture was stirred at 65-70 °C for 24 hours. The resulting red solution was 
concentrated and then hexanes (10 mL) added. The deposited red solids were collected 
and recrystallized in T H F and hexanes to give the platinum complex 105 (48 mg, 74%) 
as a red powder: m p >300。C; 'H N M R (CDCI3): 6 5.65-5.68 (d, J = Hz, 2H), 5.96-5.99 
(d, J = Hz, 2H), 6.25-6.30 (m, 4H)，6.49-7.43 (m，64H), 7.89-8.04 (m, 4H); ^ 'P N M R 
(CDCI3) 6 4.03 (Jp.pt = 1826 Hz). H R M S (ESI-TOF): Calcd. for C,i2H7604P4Pt2H: 
1999.4068. Found 1999.4026; Anal. Calcd. for Cii2H7604P4Pt2： C, 67.26; H, 3.83. Found: 
C, 67.53; H, 3.97. 
l,4,5,16-Tetra(trifluoromethanesuIfonlyoxy)tetraphenylene (106)7® 
To a vigorously stirred solution of 1,4,5,16-tetrahydroxytetraphenylene (68) (37 mg, 
0.1 mmol) in dry CH2CI2 (10 mL) was added pyridine (0.2 mL, 2.4 mmol) and then 
trifluoromethane sulfonic anhydride (0.2 mL, 1.2 mmol) at 0 °C. After the addition, the 
reaction mixture was stirred for 24 hours at room temperature. The reaction was 
quenched carefully by addition of water (15 mL) and extracted with CH2CI2 (3x15 mL). 
The organic layer was washed sequentially with 1 M hydrochloric acid (10 mL) and 
brine (2 x 20 mL). The combined organic extracts were dried over anhydrous sodium 
sulfate and evaporated under reduced pressure. The residue was chromatographed on a 
silica gel column (10 g， hexanes:EtOAc 15:1) to give 1,4,5,16-
tetra(trifluoromethanesulfonlyoxy)tetraphenylene (106) (86 mg, 96%) as a white solid: 
m p 217-218 °C; ^ H N M R (CDCI3) 5 7.31-7.34 (dd, J = 8.1 Hz, 0.6 Hz, 4H), 7.38-7.41 
(dd, J = 7.8 Hz, 0.9 Hz, 4H), 7.49-7.54 (m, 4H); '^ C N M R (CDCI3) 6 111.84, 116.09, 
120.33, 121.42，124.57，127.58, 130.64，130.74, 142.95, 145.82; M S m/e 896 (M+). 
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H R M S (EI) Calcd. for C28H12F12O12S4： 895.9014. Found 895.9080; Anal. Calcd. for 
C28H12F12O12S4： C, 37.51; H, 1.35. Found: C, 37.84; H，1.39. Crystallization from 50 % 
hexanes in CH2CI2 at room temperature gave colorless crystals, which is sufficient for 
X-ray crystallographic analysis. 
l,4-DitrifIuoromethanesulfonlyoxy-5,16-dicyanotetraphenylene (107); 1,4-Dicyano-
5,16-ditrifluoromethanesulfonlyoxytetraphenylene (108)^ ^ 
To the mixture of 1,4,5,16-tetra(trifluoromethanesulfonlyoxy)tetraphenylene 
(106) (89.6 mg, 0.1 mmol) and zinc cyanide (117 mg, 1.0 mmol) in deoxygenated dry 
D M F (6 m L ) was added tetrakis(triphenylphosphine)palladium(0) (23 mg, 0.02 mmol). 
The mixture was then stirred at 140 °C for 48 hours under nitrogen. The reaction 
mixture was diluted with ethyl acetate (50 mL), washed sequentially with aqueous 
NazCOs (10 m L ) and brine (10 mL). The organic layer was dried over anhydrous sodium 
sulfate and evaporated under reduced pressure. The residue was chromatographed on a 
silica gel column (20 g, hexanes: EtOAc 4:1) to give 1,4-ditrifluoromethanesulfonlyoxy-
5,16-dicyanotetraphenylene (107) (22 mg, 34%) and l,4-dicyano-5,16-
ditrifluoromethanesulfonlyoxytetraphenylene (108) (20 mg, 31%) as white solids. 
For (107): m p 202-204。C; N M R (CDCI3) 6 7.22-7.28 (m, 4 H), 7.37-7.46 (m, 4H), 
7.51-7.54 (m, 2H)，7.79 (s, 2H); '^ C N M R (CDCI3) 5 115.99, 116.08, 119.63, 120.32, 
123.64，124.48, 125.16, 127.53, 128.19，128.63’ 129.68’ 131.45, 132.49, 137.98’ 144.96， 
145.28, 146.39; M S m/e 650 (M+). H R M S (EI) Calcd. for C28H12F6O6S2： 650.0035. 
Found 650.0026. 
For (108): m p 209-210。C; 'H N M R (CDCI3) 6 6.78-6.81 (dd, J = 7.5 Hz, J = 0.9 Hz, 
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IH)，6.90-6.93 (dd, J = 8.1 Hz, J = 0.9 Hz, IH), 7.19-7.37 (m, 6H), 7.49-7.54 (m, 2H), 
7.68-7.76 (m, 2H); '^C N M R (CDCI3) 5 115.58, 116.62, 118.04, 119.80, 119.97, 127.77, 
128.44, 128.72, 128.82, 129.05, 131.04, 131.70, 133.06, 138.08, 140.14, 143.91, 146.28; 
M S m/e 650 (M+). H R M S (EI) Calcd. for CisHizFeOeSi： 650.0035. Found 650.0028. 
1,4,5,16-Tetracyanotetraphenylene (77)^ ^ 
To the mixture of 1,4-ditrifluoromethanesulfonlyoxy-5,16-dicyanotetraphenylene 
(107) (20 mg, 0.03 mmol), l，4-dicyano-5,16-
ditrifluoromethanesulfonlyoxytetraphenylene (108) (20 mg, 0.03 mmol) and zinc 
cyanide (59 mg, 0.5 mmol) in deoxygenated dry D M F (5 mL) was added 
tetrak:is(triphenylphosphine)palladium(0) (7 mg, 0.006 mmol). The mixture was then 
stirred at 140 °C for 48 hours under nitrogen. The reaction mixture was diluted with 
ethyl acetate (30 mL), washed sequentially with aqueous "NaaCO〗(10 mL) and brine (10 
mL). The organic layer was dried over anhydrous sodium sulfate and evaporated under 
reduced pressure. The residue was chromatographed on a silica gel column (10 g, 
hexanes: EtOAc 1:1) to give 1,4,5,16-tetracyanotetraphenylene (77) (10 mg, 42%) as 
white solids: m p 193-195 °C; 'H N M R (CDCI3) 5 6.79-6.82 (dd, J = 7.5 Hz, J = 0.9 Hz, 
2H), 6.88-6.91 (d, J = 7.8 Hz, 2H), 7.19-7.34 (m，6H), 7.58 (s, 2H); '^C N M R (CDCI3) 8 
111.23，117.69，118.72, 122.41, 125.16，128.43, 129.16, 131.00, 131.99, 140.42，143.33， 
143.42，156.37, 163.21; M S m/e 404 (M+). H R M S (EI) Calcd. for C28H12N4： 404.1056. 
Found 404.1075; Anal. Calcd. for C28H12N4： C, 83.16; H，2.99. Found: C, 83.09; H, 3.04. 
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T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for P . 
I d e n t i f i c a t i o n c o d e y a n g l 
.. E m p i r i c a l f o r m u l a C H 0 
18 16 2 
F o r m u l a w e i g h t 2 6 4 . 3 1 I I 
T e m p e r a t u r e 2 9 3 ( 2 ) K MeO OMe 
。 82 
W a v e l e n g t h 0 . 7 1 0 7 3 A 
C r y s t a l s y s t e m M O N O C L I N I C 
S p a c e g r o u p P 2 ^ / n 
U n i t c e l l d i m e n s i o n s a = 9 . 1 0 4 9 (5) A a l p h a = 9 0° 
b = 7 . 0047 (4) A b e t a = 9 9 . 8 1 2 0 ( 1 0 )° 
c = 22 .0339 (12) A g a m m a = 9 0° 
V o l u m e , Z 1 3 8 4 . 7 0 ( 1 3 ) A ^ , 4 
D e n s i t y ( c a l c u l a t e d ) 1 . 2 6 8 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0 . 0 8 1 m m 
F ( 0 0 0 ) 560 
C r y s t a l s i z e 0 . 8 0 x 0.60 x 0.50 m m 
e r a n g e f o r d a t a c o l l e c t i o n 1 . 8 8 to 2 7 . 9 9° 
L i m i t i n g i n d i c e s - 1 2 s ii s 7 , ~9 < k < 9, - 2 8 s I s 28 
R e f l e c t i o n s c o l l e c t e d 8 8 7 5 
I n d e p e n d e n t r e f l e c t i o n s 3 3 1 9 ( R ^ ^ ^ = 0 . 0 2 3 3 ) 
C o m p l e t e n e s s t o 6 = 2 7 . 9 9° 99 . 7 % 
A b s o r p t i o n c o r r e c t i o n S A D A B S 
M a x . a n d m i n . t r a n s m i s s i o n 0 . 9 6 0 4 a n d 0 . 9 3 7 7 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 3 3 1 9 / 0 / 1 8 1 
2 
G o o d n e s s - o f - f i t o n F 1 . 0 6 5 
F i n a l R i n d i c e s [I:>2o"(I)] R l = 0 . 0 4 4 4 , v?R2 = 0 . 1 2 7 2 
R i n d i c e s (all d a t a ) Ri = 0 . 0 5 2 8 , w R 2 = 0 . 1 3 4 0 
。一3 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 2 0 4 a n d - 0 . 1 9 2 e A 
67 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10^] a n d e q u i v a l e n t i s o t r o p i c 
2 2 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] f o r P . U ( e q ) is d e f i n e d a s 
o n e t h i r d o f t h e t r a c e of t h e o r t h o g o n a l i z e d U t e n s o r . 
ij 
X y z U ( e q ) 
0 ( 1 ) 6 3 2 6 (1) 2 0 4 5 ( 1 ) 238 (1) 55 (1) 
. 0 ( 2 ) 1 7 9 0 ( 1 ) 1 9 0 6 ( 1 ) 1 1 2 4 ( 1 ) 5 7 ( 1 ) 
C ( l ) 6 6 7 3 (1) 3 8 1 0 (2) 480 (1) 43 (1) 
C ( 2 ) 7 2 0 2 (1) 5 3 0 6 (2) 164 (1) 5 6 ( 1 ) 
C ( 3 ) 7 5 7 7 (2) 7 0 1 4 (2) 4 6 8 (1) 62 (1) 
C ( 4 ) 7 4 4 3 ( 1 ) 7 2 3 8 ( 2 ) 1 0 7 3 ( 1 ) 5 6 ( 1 ) 
C { 5 ) 6 8 6 0 (1) 5 7 7 2 (2) 1 3 9 3 (1) 45 (1) 
C ( 6 ) 6 4 5 8 (1) 4 0 3 6 (2) 1 0 9 5 (1) 39 (1) 
C ( 7 ) 6 4 3 3 (2) 1 7 3 1 (3) -392 (1) 6 6 ( 1 ) 
C ( l l ) 4 6 4 7 ( 1 ) 2 3 4 3 ( 2 ) 1 6 4 7 ( 1 ) 4 3 ( 1 ) 
C ( 1 2 ) 5 8 7 9 ( 1 ) 2 3 9 0 ( 2 ) 1 4 0 2 ( 1 ) 4 2 ( 1 ) 
C ( 1 3 ) 6 7 4 3 (2) 6 1 1 9 (2) 2 0 4 5 (1) 58 (1) 
C ( 1 4 ) 5 5 1 8 ( 2 ) 6 0 7 2 ( 2 ) 2 2 9 6 ( 1 ) 5 9 ( 1 ) 
C ( 2 1 ) 2 0 8 2 ( 1 ) 3 6 3 1 ( 2 ) 1 4 1 3 ( 1 ) 4 5 ( 1 ) 
C { 2 2 ) 3 5 8 7 ( 1 ) 3 9 3 3 ( 2 ) 1 6 7 5 ( 1 ) 4 1 ( 1 ) 
C { 2 3 ) 3 9 7 9 ( 1 ) 5 6 4 6 ( 2 ) 1 9 8 6 ( 1 ) 4 7 ( 1 ) 
C ( 2 4 ) 2 8 7 0 ( 2 ) 7 0 0 0 ( 2 ) 2 0 3 7 ( 1 ) 5 6 ( 1 ) 
C ( 2 5 ) 1 4 1 5 (2) 6677 (2) 1 7 6 8 ( 1 ) 61 (1) 
C { 2 6 ) 1 0 0 5 ( 1 ) 5 0 0 5 ( 2 ) 1 4 5 2 ( 1 ) 5 4 ( 1 ) 
C ( 2 7 ) 2 9 8 (2) 1492 (3) 853 (1) 7 1 (1) 
• • 
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T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [〇 ] f o r P . 
0 ( 1 ) - C ( 1 ) 1 . 3 6 1 1 ( 1 5 ) 0 ( 1 ) - C { 7 ) 1 . 4 2 6 8 ( 1 6 ) 
0 ( 2 ) - C ( 2 1 ) 1 . 3 7 0 5 ( 1 5 ) 0 ( 2 ) - C ( 2 7 ) 1 . 4 1 7 1 ( 1 7 ) 
C ( l ) - C ( 2 ) 1 . 3 8 9 0 ( 1 8 ) C ( l ) - C ( 6 ) 1 . 4 1 2 0 ( 1 6 ) 
C ( 2 ) - C ( 3 ) 1 . 3 8 6 ( 2 ) C ( 3 ) - C ( 4 ) 1 . 3 6 7 ( 2 ) 
C ( 4 ) - C ( 5 ) 1 . 4 0 0 6 ( 1 8 ) C ( 5 ) - C ( 6 ) 1 . 4 0 0 2 ( 1 6 ) 
C ( 5 ) - C ( 1 3 ) 1 . 4 8 0 0 ( 1 8 ) C ( 6 ) - C ( 1 2 ) 1 . 4 7 8 2 ( 1 6 ) 
C ( l l ) - C ( 1 2 ) 1 . 3 2 5 3 (17) C{11)-C(22) 1 . 4 8 2 3 (16) 
C ( 1 3 ) - C ( 1 4 ) 1 . 3 2 6 (2) C ( 1 4 ) - C ( 2 3 ) 1 . 4 8 0 6 (18) 
C ( 2 1 ) - C ( 2 6 ) 1 . 3 8 7 4 (17) C ( 2 1 ) - C ( 2 2 ) 1 . 4 0 9 5 (16) 
C ( 2 2 ) - C ( 2 3 ) 1 . 3 9 8 3 ( 1 6 ) C ( 2 3 ) - C ( 2 4 ) 1 . 4 0 3 7 ( 1 8 ) 
. C ( 2 4 ) - C ( 2 5 ) 1 . 3 7 5 ( 2 ) C ( 2 5 ) - C ( 2 6 ) 1 . 3 8 1 ( 2 ) 
C ( l ) - 0 ( 1 ) - C ( 7 ) 1 1 8 . 0 9 (11) C ( 2 1 ) - 0 ( 2 ) - C ( 2 7 ) 1 1 8 . 1 4 ( 1 1 ) 
0 ( 1 ) - C ( l ) - C ( 2 ) 1 2 4 . 5 1 ( 1 1 ) 0 ( 1 ) - C ( l ) - C ( 6 ) 1 1 4 . 6 1 ( 1 0 ) 
C { 2 ) - C ( l ) - C ( 6 ) 120 . 87 (11) C ( 3 ) _ C ( 2 ) - C ( 1 ) 1 1 9 . 1 4 ( 1 2 ) 
C ( 4 ) - C ( 3 ) - C ( 2 ) 1 2 1 . 0 2 (12) C ( 3 ) - C ( 4 ) - C ( 5 ) 1 2 0 . 7 0 (12) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 1 9 . 5 1 ( 1 1 ) C ( 6 ) - C ( 5 ) - C ( 1 3 ) 1 2 2 . 7 5 ( 1 1 ) . 
C ( 4 ) - C ( 5 ) - C ( 1 3 ) 1 1 7 . 7 1 ( 1 2 ) C ( 5 ) - C { 6 ) - C { 1 ) 1 1 8 . 6 4 ( 1 0 ) 
C ( 5 ) - C ( 6 ) - C ( 1 2 ) 123 .27 (10) C ( l ) - C ( 6 ) - C ( 1 2 ) 1 1 8 . 0 3 ( 1 0 ) 
C ( 1 2 ) - C ( l l ) - C ( 2 2 ) 1 2 6 . 96 (11) C ( 1 1 ) - C ( 1 2 ) - C ( 6 ) 1 2 6 . 7 2 (10) 
C ( 1 4 ) - C ( 1 3 ) - C ( 5 ) 1 2 7 . 2 1 ( 1 1 ) C ( 1 3 ) - C ( 1 4 ) - C ( 2 3 ) 1 2 7 . 6 4 (11) 
0 ( 2 ) - C ( 2 1 ) - C ( 2 6 ) 1 2 3 . 9 1 ( 1 1 ) 0 ( 2 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 4 . 8 9 ( 1 0 ) 
C ( 2 6 ) - C ( 2 1 ) - C ( 2 2 ) 1 2 1 . 2 0 (12) C ( 2 3 ) _ C ( 2 2 ) - C ( 2 1 ) 1 1 8 . 6 4 (10) 
C ( 2 3 ) - C ( 2 2 ) - C ( l l ) 1 2 3 . 4 8 (11) C ( 2 1 ) _ C ( 2 2 ) - C ( 1 1 ) 1 1 7 . 7 1 ( 1 0 ) 
C { 2 2 ) - C ( 2 3 ) - C { 2 4 ) 1 1 9 . 4 8 (12) C ( 2 2 ) - C ( 2 3 ) - C ( 1 4 ) 1 2 2 . 7 6 (11) 
C ( 2 4 ) - C ( 2 3 ) - C ( 1 4 ) 1 1 7 . 6 8 (12) C ( 2 5 ) _ C ( 2 4 ) _ C ( 2 3 ) 1 2 0 . 4 9 (12) 
C ( 2 4 ) - C ( 2 5 ) - C ( 2 6 ) 1 2 1 . 0 2 (12) C ( 2 5 ) - C ( 2 6 ) - C ( 2 1 ) 1 1 9 . 1 3 ( 1 2 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
• . 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A^ x 1 0 ^ f o r P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s t h e f o r m : 
-277 [ (ha ) U i i + ... + 2 h k a * b * U ^ 2 ] 
U l l U 2 2 U 3 3 U2 3 U 1 3 U 1 2 
• . 0 ( 1 ) • 67 (1) 56 (1) 44 (1) -8 (1) 12 (1) 1 (1) 
0 ( 2 ) 4 5 ( 1 ) 5 9 ( 1 ) 67(1) - 1 1 ( 1 ) 8(1) - 2 ( 1 ) 
C ( l ) 3 7 ( 1 ) 4 8 ( 1 ) 4 5 ( 1 ) 0(1) 6(1) 6 ( 1 ) 
C ( 2 ) 5 2 ( 1 ) 6 6 ( 1 ) 5 2 ( 1 ) 1 2 ( 1 ) 1 5 ( 1 ) 6 ( 1 ) 
C ⑴ 5 4 ( 1 ) 5 3 ( 1 ) 8 2 ( 1 ) 1 7 ( 1 ) 2 0 ( 1 ) 1 ( 1 ) 
C ⑷ 4 2 ( 1 ) 4 1 ( 1 ) 8 5 ( 1 ) - 3 ( 1 ) 1 0 ( 1 ) 1 ( 1 ) 
C ( 5 ) 3 2 ( 1 ) 4 6 ( 1 ) 5 5 ( 1 ) - 5 ( 1 ) 3(1) 4 ( 1 ) 
C ( 6 ) 3 1 ( 1 ) 4 3 ( 1 ) 4 2 ( 1 ) 1(1) 4 ( 1 ) 6 ( 1 ) 
C ( 7 ) 6 7 ( 1 ) 8 5 ( 1 ) 4 5 ( 1 ) - 1 4 ( 1 ) 5 ( 1 ) 1 1 ( 1 ) 
C ( l l ) 4 7 ( 1 ) 4 2 ( 1 ) 4 1 ( 1 ) 6(1) 7(1) 3(1)‘ 
C ( 1 2 ) 4 2 ( 1 ) 3 9 ( 1 ) 4 2 ( 1 ) 1(1) 3(1) 8 ( 1 ) • 
C ( 1 3 ) 4 8 ( 1 ) 6 5 ( 1 ) 5 6 ( 1 ) - 1 8 ( 1 ) - 3 ( 1 ) - 4 ( 1 ) 
6 4 ( 1 ) 7 0 ( 1 ) 4 2 ( 1 ) - 1 8 ( 1 ) 5(1) - 2 ( 1 ) 
C ( 2 1 ) 4 6 ( 1 ) 5 0 ( 1 ) 3 9 ( 1 ) 2 ( 1 ) 1 3 ( 1 ) 3 { 1 ) 
C ( 2 2 ) 45 (1) 47 (1) 33 (1) 3 (1) 12 (1) 4 (1) 
C ( 2 3 ) 5 2 ( 1 ) 5 5 ( 1 ) 3 6 ( 1 ) - 3 ( 1 ) 1 4 ( 1 ) 2 ( 1 ) , 
C ( 2 4 ) 6 9 ( 1 ) 5 2 ( 1 ) 5 2 ( 1 ) - 9 ( 1 ) 2 5 ( 1 ) 4 ( 1 ) 
C ( 2 5 ) 6 0 ( 1 ) 6 3 ( 1 ) 6 4 ( 1 ) 0(1) 2 3 ( 1 ) 1 9 ( 1 ) 
. . C ( 2 6 ) . 4 5 ( 1 ) 6 6 ( 1 ) 5 4 ( 1 ) 3(1) 1 3 ( 1 ) 1 1 ( 1 ) 
C ( 2 7 ) 5 0 ( 1 ) 8 5 ( 1 ) 7 8 ( 1 ) - 1 6 ( 1 ) 1 0 ( 1 ) - 1 1 ( 1 ) 
70 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10^) a n d i s o t r o p i c 
2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r P . 
X y z U ( e q ) 
H ( 2 A ) 7 3 0 3 5 1 6 3 -247 67 
H ( 3 A ) 7 9 2 4 8 0 2 4 2 5 8 75 
H ( 4 A ) 7 7 4 3 8 3 7 6 1 2 7 4 67 
H ( 7 A ) 6 1 6 2 436 -502 99 
H ( 7 B ) 7 4 3 8 1 9 5 9 -452 99 
H ( 7 C ) 5 7 7 2 2 5 8 6 -647 99 
H ( l l A ) 4 4 2 5 1 1 8 9 1 8 2 0 52 
H ( 1 2 A ) 6 4 3 7 1 2 7 2 1 4 2 5 50 
H ( 1 3 A ) 7 6 2 7 6 4 0 1 2 3 0 9 69 
H ( 1 4 A ) 5 6 4 0 6 3 3 7 2 7 1 5 7 1 
H ( 2 4 A ) 3 1 2 1 8 1 2 4 2 2 5 5 67 
H ( 2 5 A ) 697 7 5 9 9 1 7 9 8 73 
H ( 2 6 A ) 19 4 8 0 2 1 2 6 9 65 
H ( 2 7 A ) 253 250 667 107 
H ( 2 7 B ) -48 2 4 3 1 545 107 










T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for P . 
I d e n t i f i c a t i o n c o d e y a n g 2 
E m p i r i c a l f o r m u l a C H 0 
22 18 2 _ _ 
F o r m u l a w e i g h t 3 1 4 . 3 6 ^ ^ 
T e m p e r a t u r e 2 9 3 ( 2 ) K 丨 | 
W a v e l e n g t h 0 .71073 A ~ 
MeO OMe 
C r y s t a l s y s t e m M O N O C L I N I C 97 
S p a c e g r o u p P2 /c 
• . 丄 
U n i t c e l l d i m e n s i o n s a = 7 . 7 0 5 9 ( 5 ) A a l p h a = 9 0° 
h = 25 .7591 (17) A " b e t a = 114 . 8 9 2 0 ( 1 0 )° 
c = 9 . 1 5 3 8 ( 6 ) A g a m m a = 9 0 ° 
V o l u m e , Z 1 6 4 8 . 2 1 ( 1 9 ) A ^ , 4 
D e n s i t y ( c a l c u l a t e d ) 1 . 2 6 7 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0 . 0 8 0 m m 
F ( 0 0 0 ) 664 
C r y s t a l s i z e 0.40 x 0.30 x 0.20 ram 
o 
0 r a n g e f o r d a t a c o l l e c t i o n 1 . 5 8 to 2 8.72 
L i m i t i n g i n d i c e s -8 < h < 1 0 , -34 < k < 34., -12 s I < 10 
R e f l e c t i o n s c o l l e c t e d 1 1 4 9 3 
I n d e p e n d e n t r e f l e c t i o n s 4 2 4 0 (R. = 0 . 0 9 5 9 ) 
x n t o 
C o m p l e t e n e s s t o 9 = 2 8 . 7 2 9 9 . 0 % 
A b s o r p t i o n c o r r e c t i o n S A D A B S 
M a x . a n d m i n . t r a n s m i s s i o n 1 . 0 0 0 0 a n d 0 . 2 8 0 2 1 3 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 4 2 4 0 / 0 / 217 
2 
G o o d n e s s - o f - f i t o n F 1 . 0 3 7 
F i n a l R i n d i c e s [I>2a(工）] R 1 = 0 . 0 7 4 2 , w R 2 = 0 . 2 0 1 9 
R i n d i c e s (all d a t a ) R 1 = 0 . 0 9 0 8 , w R 2 = 0 . 2 1 8 4 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 3 3 7 a n d - 0 . 3 3 6 e A ^ 
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T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] a n d e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] f o r P . U ( e q ) is d e f i n e d as 
o n e t h i r d of the t r a c e of t h e o r t h o g o n a l i z e d U t e n s o r . 
i j 
X Y z U { e q ) 
0 ( 1 ) 9 7 7 9 (2) 470 (1) 7 0 2 6 (2) 47 (1) 
0 ( 2 ) 5 2 9 2 ( 2 ) 1 0 5 3 ( 1 ) 2 0 4 3 ( 2 ) 5 1 ( 1 ) 
C ( 1 ) 1 1 1 9 9 (3) 552 (1) 6 5 3 7 (2) 3 6 ( 1 ) 
C ( 2 ) 1 2 6 1 3 (3) 193 (1) 6 6 9 5 (2) 43 (1) 
C ( 3 ) 1 4 0 1 4 ( 3 ) 3 2 8 ( 1 ) 6 2 0 3 ( 2 ) 4 6 ( 1 ) 
C ( 4 ) 1 4 0 4 1 ( 3 ) 8 1 2 ( 1 ) 5 5 5 9 ( 2 ) 4 0 ( 1 ) 
C ( 5 ) 1 2 6 0 7 (2) 1 1 7 4 (1) 5 3 7 1 ( 2 ) 33 (1) 
C { 6 ) 1 1 1 5 0 ( 2 ) 1 0 4 2 ( 1 ) 5 8 3 5 ( 2 ) 3 1 ( 1 ) 
C ( 7 ) 9 7 4 7 (3) -14 (1) 7 7 6 9 (3) 55 (1) 
C ( l l ) 9 5 5 8 (3) 1 3 9 7 (1) 5 6 5 8 (2) 3 6 ( 1 ) 
C ( 1 2 ) 8260 (3) 1 5 7 2 (1) 4 2 5 2 ( 2 ) 38 (1) 
C ( 2 1 ) 6647 (3) 1 1 8 8 (1) 1 5 1 7 ( 2 ) 40 (1) 
C ( 2 2 ) 8 2 4 5 ( 2 ) 1 4 5 2 (1) 2 6 6 8 (2) 35 (1) 
C ( 2 3 ) 9 6 8 5 (3) 1 6 1 3 (1) 2 2 3 0 (2) 36 (1) 
. C ( 2 4 ) 9 5 1 9 ( 3 ) 1 5 1 0 ( 1 ) 6 7 4 ( 2 ) 4 7 ( 1 ) “ 
C ( 2 5 ) 7 9 7 0 ( 3 ) 1 2 4 2 ( 1 ) - 4 1 2 ( 2 ) 5 2 ( 1 ) 
C { 2 6 ) 6 5 1 8 (3) 1 0 7 7 ( 1 ) -1 (2) 48 (1) 
C ( 2 7 ) 3604 (3) 8 0 8 ( 1 ) 9 3 1 ( 3 ) 6 5 ( 1 ) 
C ( 3 1 ) 1 2 7 4 4 ( 2 ) 1 7 0 7 ( 1 ) 4 7 8 2 ( 2 ) 3 6 ( 1 ) 
C ( 3 2 ) 1 4 3 6 0 ( 3 ) 2 0 0 5 ( 1 ) 5 7 0 4 ( 3 ) 4 9 ( 1 ) 
C ( 3 3 ) 1 4 5 7 9 ( 4 ) 2 5 0 4 ( 1 ) 5 2 3 8 ( 3 ) 6 1 ( 1 ) 
C ( 3 4 ) 1 3 2 1 5 ( 4 ) 2 7 1 1 ( 1 ) 3 8 5 2 ( 3 ) 6 4 ( 1 ) 
C ( 3 5 ) 1 1 6 3 8 (4) 2 4 1 8 (1) 2 8 9 5 (3) 54 (1) 
C ( 3 6 ) 1 1 3 7 6 ( 3 ) 1 9 1 7 ( 1 ) 3 3 5 9 ( 2 ) 3 9 ( 1 ) 
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• t 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [〇 ] f o r P . 
0 ( 1 ) - C ( 1 ) 1 . 3 6 1 ( 2 ) 0 ( 1 ) - C ( 7 ) 1 . 4 2 4 ( 2 ) 
0 ( 2 ) - C ( 2 1 ) 1 . 3 6 6 (2) 0 ( 2 ) - C ( 2 7 ) 1 . 4 1 9 ⑶ 
C ( l ) - C ( 2 ) 1 . 3 8 9 ( 3 ) C ( l ) - C ( 6 ) 1 . 4 1 1 ( 2 ) 
C ( 2 ) - C ( 3 ) 1 . 3 7 8 (3) C ( 3 ) - C ( 4 ) 1 . 3 8 2 (3) 
C ⑷ - C ( 5 ) 1 . 4 0 1 ( 2 ) C ( 5 ) - C ( 6 ) 1 . 3 9 9 ( 2 ) 
. C ( 5 ) - C ( 3 1 ) 1 . 4 9 5 ( 2 ) C ( 6 ) - C { 1 1 ) 1 . 4 8 2 ( 2 ) 
. C ( l l ) - C ( 1 2 ) 1 . 3 3 3 ( 3 ) C ( 1 2 ) - C ( 2 2 ) 1 . 4 7 8 ( 2 ) 
C ( 2 1 ) - C ( 2 6 ) 1 . 3 8 1 (3) C ( 2 1 ) - C ( 2 2 ) 1 . 4 1 2 ( 2 ) 
C ( 2 2 ) - C ( 2 3 ) 1 . 3 9 2 ( 2 ) C ( 2 3 ) - C ( 2 4 ) 1 . 4 0 1 ( 3 ) 
C ( 2 3 ) - C ( 3 6 ) 1 . 4 9 9 ( 3 ) C ( 2 4 ) - C ( 2 5 ) 1 . 3 7 5 ( 3 ) 
C ( 2 5 ) - C { 2 6 ) 1 . 3 8 9 ( 3 ) C ( 3 1 ) - C ( 3 6 ) 1 . 3 9 4 ( 3 ) 
C ( 3 1 ) - C ( 3 2 ) 1 . 4 0 2 ( 3 ) C ( 3 2 ) - C ( 3 3 ) 1 . 3 8 8 ( 3 ) 
C ( 3 3 ) - C ( 3 4 ) 1 . 3 6 9 (4) C ( 3 4 ) - C ( 3 5 ) 1 . 3 8 3 (4) 
C ( 3 5 ) - C ( 3 6 ) 1 . 3 9 9 ( 2 ) 
C ( l ) - 0 ( 1 ) - C ( 7 ) 1 1 8 . 0 7 ( 1 6 ) C ( 2 1 ) - 0 ( 2 ) - C ( 2 7 ) 1 1 7 . 8 0 ( 1 8 ) 
0 ( 1 ) - C ( l ) - C { 2 ) 1 2 4 . 4 8 (16) 0 ( 1 ) - C ( l ) - C ( 6 ) 1 1 4 . 7 0 ( 1 5 ) 
C ( 2 ) - C { 1 ) - C ( 6 ) 1 2 0 . 8 2 (17) C ( 3 ) _ C ( 2 ) _C(1) 1 1 9 . 1 2 ( 1 7 ) 
C ( 2 ) - C ( 3 ) - C ( 4 ) 1 2 1 . 4 0 (17) C ( 3 ) - C { 4 ) - C ( 5 ) 120 . 04 (17) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 1 9 . 5 5 (15) C ( 6 ) - C ( 5 ) - C ( 3 1 ) 1 2 1 . 3 2 ( 1 5 ) 
C ( 4 ) - C ( 5 ) - C ( 3 1 ) 1 1 9 . 0 0 ( 1 5 ) C ( 5 ) - C ( 6 ) - C ( 1 ) 1 1 9 . 0 0 ( 1 5 ) 
C ( 5 ) - C ( 6 ) - C ( l l ) 1 2 3 . 3 7 (14) C { 1 ) - C ( 6 ) - C ( l l ) 1 1 7 . 6 3 (15) 
C ( 1 2 ) - C ( l l ) - C ( 6 ) 1 2 4 . 3 5 (15) C ( 1 1 ) - C ( 1 2 ) - C ( 2 2 ) 1 2 4 . 6 8 (16) 
0 ( 2 ) - C { 2 1 ) - C ( 2 6 ) 1 2 4 . 0 5 ( 1 7 ) 0 ( 2 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 4 . 5 3 ( 1 6 ) 
. C ( 2 6 ) - C ( 2 1 ) - C { 2 2 ) 1 2 1 . 4 1 ( 1 7 ) C ( 2 3 ) - C ( 2 2 ) _ C ( 2 1 ) 1 1 8 . 6 3 (16) 
C ( 2 3 ) - C ( 2 2 ) - C ( 1 2 ) 1 2 2 . 7 7 (16) C ( 2 1 ) - C ( 2 2 ) _ C ( 1 2 ) 1 1 8 . 4 9 ( 1 6 ) 
C ( 2 2 ) - C ( 2 3 ) - C ( 2 4 ) 1 1 9 . 5 8 (17) C ( 2 2 ) - C ( 2 3 ) - C ( 3 6 ) 1 2 1 . 63 (16) 
C { 2 4 ) - C ( 2 3 ) - C ( 3 6 ) 1 1 8 . 7 3 (16) C ( 2 5 ) - C ( 2 4 ) _ C ( 2 3 ) 1 2 0 . £ 3 (18) 
C ( 2 4 ) - C ( 2 5 ) - C ( 2 6 ) 1 2 0 . 7 5 (18) C ( 2 1 ) - C ( 2 6 ) - C ( 2 5 ) 1 1 8 . 9 6 (18) 
C ( 3 6 ) - C ( 3 1 ) - C ( 3 2 ) 1 1 8 . 7 6 (16) C ( 3 6 ) -C(31〉-C(5) 123 .57 (15) 
C ( 3 2 ) - C ( 3 1 ) - C ( 5 ) 1 1 7 . 6 6 ( 1 6 ) C ( 3 3 ) - C ( 3 2 ) - C ( 3 1 ) 1 2 0 . 9 ( 2 ) 
• C ( 3 4 ) - C U 3 ) - C ( 3 2 ) 1 2 0 . 0 (2) C ( 3 3 ) - C ( 3 4 ) - C ( 3 5 ) 120 . 1 (2) 
C ( 3 4 ) - C ( 3 5 ) - C ( 3 6 ) 1 2 0 . 7 ( 2 ) C ( 31) -C (3 6 ) - C (3 5.) 1 1 9 . 5 2 (18) 
C ( 3 1 ) - C ( 3 6 ) - C { 2 3 ) 1 2 2 . 4 7 (15) C ( 3 5 ) - C ( 3 6 ) - C ( 2 3 ) 1 1 7 . 8 7 ( 1 8 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] f o r P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s t h e f o r m : 
-2冗2 [ C h a * ) ^ U + ... + 2 h k a * b * U ] 
丄丄 X 2t 
.. u i l U2 2 U33 U2 3 U 1 3 u i 2 
0 ( 1 ) 58 (1) 39 (1) 5 2 ( 1 ) 9 (1) 31 (1) -5 (1) 
0 ( 2 ) 4 2 ( 1 ) 5 7 ( 1 ) 5 7 ( 1 ) 1(1) 2 1 ( 1 ) - 7 ( 1 ) 
C ( l ) 4 6 ( 1 ) 3 3 ( 1 ) 2 8 ( 1 ) -1(1) 1 5 ( 1 ) - 5 ( 1 ) 
C ( 2 ) 5 8 ( 1 ) 3 1 ( 1 ) 3 7 ( 1 ) 6(1) 1 7 ( 1 ) 5 ( 1 ) 
C ( 3 ) 5 1 ( 1 ) 4 4 ( 1 ) 3 9 ( 1 ) 4(1) 1 5 ( 1 ) 1 4 ( 1 ) 
C ( 4 ) 4 0 ( 1 ) 4 5 ( 1 ) 3 5 ( 1 ) 0(1) 1 6 ( 1 ) 3 ( 1 ) 
C ( 5 ) 3 9 ( 1 ) 3 0 ( 1 ) 2 7 ( 1 ) -2(1) 1 3 ( 1 ) - 4 ( 1 ) 
C ( 6 ) 3 8 ( 1 ) 2 8 ( 1 ) 2 7 ( 1 ) -2(1) 1 4 ( 1 ) - 3 ( 1 ) . 
. . C ( 7 ) 6 8 ( 1 ) 4 8 ( 1 ) 5 0 ( 1 ) 11(1) 2 6 ( 1 ) - 1 5 ( 1 ) 
C ( 1 1 ) 4 8 ( 1 ) 3 0 ( 1 ) 3 9 ( 1 ) -3(1) 2 7 ( 1 ) - 3 ( 1 ) 
C ( 1 2 ) 4 3 ( 1 ) 3 1 ( 1 ) 4 8 ( 1 ) 1(1) 2 6 ( 1 ) 5 ( 1 ) 
C ( 2 1 ) 3 9 ( 1 ) 3 3 ( 1 ) 4 4 ( 1 ) 6(1) 1 5 ( 1 ) 5 ( 1 ) 
C ( 2 2 ) 40 (1) 28 (1) 37 (1) 5 (1) 17 (1) 7 (1) 
C ( 2 3 ) 4 2 ( 1 ) 30 (1) 37 (1) 7 (1) 18 (1) 6 ( 1 ) 
C ( 2 4 ) 5 0 ( 1 ) 5 3 ( 1 ) 4 2 ( 1 ) 9(1) 2 5 ( 1 ) 5 ( 1 ) 
. . C ( 2 5 ) 5 9 ( 1 ) 6 0 ( 1 ) 3 4 ( 1 ) 2 ( 1 ) 1 8 ( 1 ) 8 ( 1 ) 
C ( 2 6 ) 4 7 ( 1 ) 4 8 ( 1 ) 3 9 ( 1 ) -1(1) 1 0 ( 1 ) 2 ( 1 ) 
C ( 2 7 ) 4 2 ( 1 ) 6 8 ( 2 ) 7 4 ( 2 ) 9(1) 1 3 ( 1 ) - 9 ( 1 ) 
C ( 3 1 ) 4 3 ( 1 ) 3 2 ( 1 ) 3 9 ( 1 ) - 2 ( 1 ) 2 4 ( 1 ) - 6 ( 1 ) 
C ( 3 2 ) 5 3 ( 1〉 4 7 ( 1 ) 4 9 ( 1 ) - 9 ( 1 ) 2 3 ( 1 ) - 1 4 ( 1 ) 
C ( 3 3 ) 7 1 (2) 48 (1) 74 (2) -16 (1) 3 9 ( 1 ) -30 (1) 
C ( 3 4 ) 9 1 ( 2 ) 3 6 ( 1 ) 7 8 ( 2 ) 1(1) 5 0 ( 2 ) - 1 8 ( 1 ) 
C ( 3 5 ) 7 5 ( 1 ) 3 6 ( 1 ) 5 9 ( 1 ) 1 0 ( 1 ) 3 4 ( 1 ) - 3 ( 1 ) 
C ( 3 6 ) 4 6 ( 1 ) 3 2 ( 1 ) 4 5 ( 1 ) 2(1) 2 5 ( 1 ) - 3 ( 1 ) 
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• . 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x lO^) a n d i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for P . 
X y z U ( e q ) 
H ( 2 A ) 1 2 6 1 3 -133 7 1 2 7 52 
H ( 3 A ) 1 4 9 6 2 89 6306 55 
H ( 4 A ) 1 5 0 1 2 897 5 2 5 1 48 
H ( 7 A ) 8680 -20 8050 82 
H ( 7 B ) 1 0 9 1 4 -55 8723 82 
H ( 7 C ) 9 6 2 7 - 2 9 1 7 0 3 3 82 
H ( l l A ) 9 4 5 9 1504 6 5 8 9 43 
H ( 1 2 A ) 7 2 9 5 1 7 8 6 4 2 6 9 46 
H ( 2 4 A ) 1 0 4 6 6 1624 372 56 
H ( 2 5 A ) 7 8 9 4 1 1 7 1 - 1 4 3 3 62 
H ( 2 6 A ) 547 5 894 -736 57 
H ( 2 7 A ) 2 7 8 0 732 1 4 5 1 98 
H ( 2 7 B ) 3 9 3 6 4 9 1 558 98 
H ( 2 7 C ) 2 9 5 5 1 0 3 5 33 98 
H ( 3 2 A ) 1 5 2 9 9 1 8 6 5 6fi41 59 
H ( 3 3 A ) 1 5 6 5 2 2 6 9 8 5 8 6 6 73 
H ( 3 4 A ) 1 3 3 4 8 3 0 4 8 3 5 5 3 76 















 • . 
T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for P . 
I d e n t i f i c a t i o n c o d e y a n g S 
E m p i r i c a l f o r m u l a C—H„，0_^ 
20 3 八 
F o r m u l a w e i g h t 380.42 \ / 
T e m p e r a t u r e 2 9 3 ( 2 ) K I 
v > = < v 
W a v e l e n g t h 0 .71073 A MeO (~〇"^ OMe 
C r y s t a l s y s t e m M O N O C L I N I C 
81 
S p a c e g r o u p 
o o 
U n i t c e l l d i m e n s i o n s a = 9.785 (2) A a l p h a = 90 
‘h = 15 .291 (3) A b e t a = 103 .66 ( 3 )° 
c = 1 3 . 0 8 3 ( 3 ) A g a m m a = 9 0。 
V o l u m e , Z 1 9 0 2 . 2 ( 7 ) A ^ , 4 
D e n s i t y ( c a l c u l a t e d ) 1 . 3 2 8 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0 . 0 8 6 m m 
F ( O O O ) 800 
C r y s t a l s i z e 0.30 x 0.20 x 0.10 m m 
o 
9 r a n g e f o r d a t a c o l l e c t i o n 1.60 to 25.54 
L i m i t i n g i n d i c e s 0 < h < 1 1 , -18 < Jc s 1 8 , -15 < I < 15 
R e f l e c t i o n s c o l l e c t e d 6 0 4 1 
I n d e p e n d e n t r e f l e c t i o n s 5855 (R^^^ = 0 . 0 2 3 5 ) 
o 
C o m p l e t e n e s s to 6 = 2 5 . 5 4 89.5 %-
A b s o r p t i o n c o r r e c t i o n A B S C O R 
M a x . a n d m i n . t r a n s m i s s i o n 0 . 9 9 1 5 a n d 0.9747 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 5855 / 1 / 523 
2 
G o o d n e s s - o f - f i t o n F 1 . 0 3 7 
F i n a l R i n d i c e s [I>2ff (I) ] R 1 = 0 .0477, w R 2 = 0 . 1 3 1 7 
R i n d i c e s (all d a t a ) R 1 = 0 .0495, w R 2 = 0 .1346 
A b s o l u t e s t r u c t u r e p a r a m e t e r - 2 . 7 ( 1 7 ) 
。-3 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 1 4 5 a n d - 0 . 1 5 5 eA 
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T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10^] a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s [A^ x 1 0 ^ for P . U ( e q ) is d e f i n e d a s 
o n e t h i r d o f t h e t r a c e of t h e o r t h o g o n a l i z e d U t e n s o r 
i j • 
X y z U ( e q ) 
0 ( 1 ) 3 8 0 1 ( 1 ) 2 2 1 7 ( 1 ) 1 0 5 7 (1) 6 2 ( 1 ) 
O ( l ' ) 9 7 1 4 (1) - 1 8 4 1 (1) 4 0 6 3 (1) 6 7 ( 1 ) 
0 ( 2 ) 2 6 6 3 ( 1 ) 2 1 2 1 ( 1 ) 4 1 0 8 ( 1 ) 5 9 ( 1 ) 
0 ( 2 ' ) 7 6 4 9 (1) 656 (1) 4 0 9 4 (1) 63 (1) 
0 ( 3 ) 4 6 8 5 (1) 4 6 1 6 (1) 4 0 5 6 (1) 68 (1) 
0 ( 3 ' ) 8 8 0 7 ( 1 ) 5 3 7 ( 1 ) 1 0 7 4 ( 1 ) 6 0 ( 1 ) 
C ( l ) 2 5 1 1 ( 1 ) 2 5 9 8 ( 1 ) 6 2 1 ( 1 ) 5 4 ( 1 ) 
C ( l ' ) 8 4 7 0 ( 1 ) - 2 1 8 9 ( 1 ) 3 5 3 5 ( 1 ) 5 3 ( 1 ) 
C ⑵ 1 9 5 6 ( 1 ) 2 6 7 6 (1) - 4 4 6 (1) 6 2 ( 1 ) 
C ( 2 ' ) 8 2 1 4 ( 1 ) - 3 1 1 4 ( 1 ) 3 3 8 7 ( 1 ) 6 2 ( 1 ) 
C ( 3 ) 6 4 0 ( 1 ) 3 0 3 0 ( 1 ) - 8 0 6 ( 1 ) 6 5 ( 1 ) 
C ( 3 ' ) 6 9 5 2 ( 1 ) - 3 4 3 0 ( 1 ) 2 8 1 3 ( 1 ) 6 3 ( 1 ) 
C ( 4 ) - 1 5 7 ( 1 ) 3 2 9 7 ( 1 ) - 1 1 1 ( 1 ) 5 4 ( 1 ) 
C ( 4 ' ) 5 8 3 6 (1) - 2 8 4 9 (1) 2 4 7 8 (1) 56 (1) 
C ( 5 ) 434 (1) 3 2 1 7 ( 1 ) 989 (1) 49 (1) 
C ( 5 ' ) 6 0 7 0 (1) - 1 9 3 6 ( 1 ) 2 6 4 6 (1) 46 (1) 
C ( 6 ) 1 7 7 1 (1) 2 8 7 4 (1) 1 3 6 6 (1) 4 9 ( 1 ) 
C ( 6 ' ) 7 3 9 4 (1) - 1 6 1 0 (1) 3 1 1 9 (1) 49 (1) 
C ( 7 ) 4 6 1 7 (1) 1 9 1 6 (1) 360 (1) 7 4 ( 1 ) 
C ( 7 ' ) 1 0 5 9 1 (1) - 2 4 1 9 (1) . 4 8 5 2 (1) 77 (1) 
C ( l l ) 2 3 9 8 ( 1 ) 2 7 9 4 ( 1 ) 2 5 1 7 ( 1 ) 5 1 ( 1 ) 
C ( l l ' ) 7 6 3 8 ( 1 ) - 6 6 0 ( 1 ) 3 2 4 3 ( 1 ) 4 5 ( 1 ) 
C ( 1 2 ) 2 6 5 6 (1) 3 4 1 6 (1) 3 2 4 8 (1) 52 (1) 
C ( 1 2 ' ) 7 3 7 9 ( 1 ) - 3 6 ( 1 ) 2 4 9 5 ( 1 ) 4 6 ( 1 ) 
C ( 1 3 ) 3 3 9 8 (1) 2 9 5 7 ( 1 ) 4 2 7 4 (1) 57 (1) 
8008(1) 811(1) 3133(1) 60(1) 
4 8 3 9 (1) 2 6 3 6 (1) 4 1 4 0 (1) 65 (1) 
C ( 1 4 ' ) 9 5 6 3 ( 1 ) 7 3 7 ( 1 ) 3 4 0 3 ( 1 ) 6 3 ( 1 ) 
C ( 1 5 ) 4 6 0 8 ( 1 ) 2 0 2 1 ( 1 ) 3 4 3 6 ( 1 ) 6 0 ( 1 ) 
C ( 1 5 ' ) 9 8 5 6 ( 1 ) 1 1 4 ( 1 ) 4 1 4 0 ( 1 ) 6 0 ( 1 ) 
C ( 1 6 ) 2 9 6 8 (1) 1 9 4 3 ( 1 ) 3 0 6 8 (1) 50 (1) 
C ( 1 6 ' ) 8 4 0 8 ( 1 ) - 1 5 9 ( 1 ) 4 2 6 1 ( 1 ) 5 5 ( 1 ) 
C ( 2 1 ) 3 4 3 9 (1) 4 9 9 1 (1) 3 5 2 5 (1) 5 S ( 1 ) 
C ( 2 1 ' ) 7 5 2 0 ( 1 ) 1 8 7 ( 1 ) 6 4 0 ( 1 ) 5 0 ( 1 ) 
C ( 2 2 ) 2 3 6 1 ( 1 ) 4 3 6 8 ( 1 ) 3 1 2 6 ( 1 ) 4 9 ( 1 ) 
C ( 2 2 ' ) 6 7 7 0 (1) -113 (1) 1 3 6 4 (1) 47 (1) 
C ( 2 3 ) 1 0 1 5 (1) 4 6 9 9 (1) 2 6 1 7 (1) 55 (1) 
C ( 2 3 ' ) 5 4 0 3 (1) - 4 6 1 (1) 975 (1) 51 (1) 
C ( 2 4 ) 8 9 2 ( 1 ) 5 6 0 3 ( 1 ) 2 4 9 6 ( 1 ) 6 3 ( 1 ) 
C ( 2 4 ' ) 4 9 1 6 ( 1 ) - 5 3 3 ( 1 ) - 9 4 ( 1 ) 6 4 ( 1 ) 
C ( 2 5 ) 1 9 7 6 ( 1 ) 6 1 5 8 ( 1 ) 2 8 7 2 ( 1 ) 6 8 ( 1 ) 
C ( 2 5 ' ) 5 6 6 6 (1) -287 (1) -797 (1) 67 (1) 
C ( 2 6 ) 3 2 9 1 ( 1 ) 5 8 5 6 ( 1 ) 3 4 0 2 ( 1 ) 6 4 ( 1 ) 
C ( 2 6 ' ) 6 9 9 1 ( 1 ) 8 8 ( 1 ) - 4 4 1 ( 1 ) 5 9 ( 1 ) 
C ( 2 7 ) 5 6 2 3 ( 1 ) 5 1 0 3 ( 1 ) 4 8 1 3 ( 1 ) 8 4 ( 1 ) 
C ( 2 7 ' ) 9 5 8 8 ( 1 ) 8 6 4 ( 1 ) 3 6 4 ( 1 ) 6 3 ( 1 ) 
C ( 3 1 ) - 5 2 5 ( 1 ) 3 4 4 4 ( 1 ) 1 6 9 7 ( 1 ) 4 9 ( 1 ) 
C ( 3 1 ' ) 4 7 8 6 (1) - 1 3 8 6 (1) 2 4 3 3 (1) 48 (1) 
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C:(32) - 1 7 7 5 (1) 2 9 9 7 (1) 1 5 5 8 (1) 58 (1) 
C ( 3 2 ' ) 3 7 7 8 (1) - 1 6 0 3 (1) 2 9 8 5 (1) 5 S ( 1 ) 
C ( 3 3 ) - 2 7 6 2 ( 1 ) 3 2 0 1 ( 1 ) 2 1 3 9 ( 1 ) 6 2 ( 1 ) 
C ( 3 3 ' ) 2 5 1 6 ( 1 ) - 1 1 5 0 ( 1 ) 2 8 6 6 ( 1 ) 6 2 ( 1 ) 
C ( 3 4 ) - 2 5 0 9 ( 1 ) 3 8 8 0 ( 1 ) 2 8 3 7 ( 1 ) 6 1 ( 1 ) 
C ( 3 4 ' ) 2 2 3 3 ( 1 ) - 4 5 4 ( 1 ) 2 1 4 5 ( 1 ) 6 4 ( 1 ) 
C ( 3 5 ) - 1 2 7 6 (1) 4 3 3 8 (1) 2993 (1) 6 0 ( 1 ) 
C ( 3 5 ' ) 3 2 1 0 ( 1 ) - 2 3 0 ( 1 ) 1 5 8 8 ( 1 ) 5 8 ( 1 ) 
C ( 3 6 ) - 2 6 8 ( 1 ) 4 1 3 3 ( 1 ) 2 4 1 4 ( 1 ) 5 2 ( 1 ) 






T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s for P . 
0 ( 1 ) - C ( 1 ) 1 . 3 8 4 6 ( 1 0 ) 0 ( 1 ) - C ( 7 ) 1 . 4 2 3 4 ( 1 3 ) 
0 ( 1 ' ) - C ( 1 ' ) 1 . 3 5 8 2 ( 1 1 ) 0 ( 1 ' ) - C ( 7 ' ) 1 4 7 1 4 ( 1 3 ) 
0 ( 2 ) - C ( 1 3 ) 1 . 4 5 7 5 ( 1 1 ) 0 ( 2 ) - C ( 1 6 ) 1 . 4 8 5 3 ( 1 1 ) 
0 ( 2 ' ) - C ( 1 3 ' ) 1 . 4 0 3 0 ( 1 3 ) 0 ( 2 ' ) - C ( 1 6 ' ) 1 . 4 4 0 6 ( 1 1 ) 
0 ( 3 ) - C ( 2 1 ) 1 . 3 7 7 5 ( 1 1 ) 0 ( 3 ) - C ( 2 7 ) 1 . 3 9 6 4 ( 1 3 ) 
0 ( 3 ' ) - C ( 2 1 ' ) 1 . 3 6 3 6 ( 1 0 ) 0 ( 3 ' ) - C ( 2 7 ' ) 1 . 4 2 5 3 ( 1 3 ) 
C ( l ) - C ( 2 ) 1 . 3 7 8 8 ( 1 3 ) C ( l ) - C ( 6 ) 1 . 4 0 8 8 ( 1 3 ) 
C ( l ' ) - C ( 6 ' ) 1 . 3 8 5 8 ( 1 1 ) C ( l ' ) - C ( 2 ' ) 1 . 4 4 1 4 ( 1 2 ) . 
C ( 2 ) - C ( 3 ) 1 . 3 7 3 0 ( 1 3 ) C ( 2 ' ) - C ( 3 ' ) 1 . 3 7 2 8 ( 1 3 ) 
C ( 3 ) - C ( 4 ) 1 . 3 9 1 9 ( 1 4 ) C ( 3 ' ) - C ( 4 ' ) 1 . 3 9 5 8 ( 1 3 ) 
C ( 4 ) - C ( 5 ) 1 . 4 2 3 5 ( 1 1 ) C { 4 ' ) - C ( 5 ' ) 1 . 4 2 2 2 ( 1 1 ) 
C ( 5 ) - C ( 6 ) 1 . 3 8 7 9 ( 1 1 ) C ( 5 ) - C ( 3 1 ) 1 . 5 0 6 5 ( 1 3 ) 
C ( 5 ' ) - C ( 6 ' ) 1 . 3 8 9 8 ( 1 1 ) C ( 5 ' ) - C ( 3 1 ' ) 1 . 4 8 3 1 ( 1 1 ) 
C ( 6 ) - C ( l l ) 1 . 4 9 0 3 (12) C ( 6 ' ) - C ( 1 1 ' ) 1 . 4 7 3 9 (11) 
C ( l l ) - C ( 1 2 ) 1 . 3 3 1 0 ( 1 2 ) C ( l l ) - C ( 1 6 ) 1 . 5 2 7 7 (12) 
C ( l l ' ) - C ( 1 2 ' ) 1 . 3 4 7 8 ( 1 1 ) C ( l l ' ) - C ( 1 6 ' ) 1 . 5 6 6 4 ( 1 1 ) 
C ( 1 2 ) - C ( 2 2 ) 1 . 4 8 4 0 ( 1 2 ) C ( 1 2 ) - C ( 1 3 ) 1 . 5 3 6 7 (12) 
C ( 1 2 ' ) - C ( 2 2 ' ) 1 . 4 6 2 8 ( 1 2 ) C ( 1 2 ' ) - C ( 1 3 ' ) 1 . 5 8 5 2 ( 1 2 ) 
C ( 1 3 ) - C ( 1 4 ) 1 . 5 4 1 4 ( 1 4 ) C ( 1 3 ' ) - C ( 1 4 ' ) 1 . 4 8 3 2 ( 1 4 ) 
C ( 1 4 ) - C ( 1 5 ) 1 . 2 9 8 4 (14) C ( 1 4 ' ) - C ( 1 5 ' ) 1 . 3 3 6 8 ( 1 3 ) 
C ( 1 5 ) - C ( 1 6 ) 1 . 5 6 7 3 (13) C ( 1 5 ' ) -C (16') 1 . 5 2 0 7 ( 1 4 ) 
C ( 2 1 ) - C ( 2 6 ) 1 . 3 3 6 8 ( 1 4 ) C ( 2 1 ) - C ( 2 2 ) 1 . 4 2 6 2 ( 1 2 ) 
C ( 2 1 ' ) - C ( 2 6 ' ) 1 . 3 9 4 5 ( 1 3 ) C ( 2 1 ' ) - C ( 2 2 ' ) 1 . 4 0 4 9 ( 1 3 ) 
C ( 2 2 ) - C ( 2 3 ) 1 . 4 2 1 0 ( 1 2 ) C ( 2 2 ' ) - C ( 2 3 ' ) 1 . 4 1 8 3 ( 1 2 ) 
C ( 2 3 ) - C { 2 4 ) 1 . 3 9 2 8 (13) C ( 2 3 ) - C ( 3 6 ) 1 .4972 (13) 
C ( 2 3 ' ) - C ( 2 4 ' ) 1 . 3 7 1 7 ( 1 4 ) C ( 2 3 ' ) - C ( 3 6 ' ) 1 . 4 8 5 3 ( 1 4 ) 
C ( 2 4 ) - C ( 2 5 ) 1 . 3 5 6 7 (14) C ( 2 4 ' ) - C C 2 5 ' ) 1 . 3 5 8 3 (16) 
C ( 2 5 ) - C ( 2 6 ) 1 . 3 8 8 3 (14) C ( 2 5 ' ) -C (26') 1 . 3 9 3 1 (14) 
C ( 3 1 > - C ( 3 2 ) 1 . 3 7 5 6 ( 1 2 ) C ( 3 1 ) - C ( 3 6 ) 1 . 3 9 2 6 ( 1 2 ) 
C ( 3 1 ' ) - C ( 3 2 ' ) 1 . 3 9 4 2 ( 1 3 ) C ( 3 1 ' ) - C ( 3 6 ' ) 1 . 4 1 6 0 ( 1 2 ) 
C ( 3 2 ) - C ( 3 3 ) 1 . 3 9 7 7 (15) C ( 3 2 ' ) - C ( 3 3 ' ) 1 . 3 9 1 5 ( 1 3 ) 
C ( 3 3 ) - C ( 3 4 ) 1 . 3 6 6 0 (14) C ( 3 3 ' ) - C ( 3 4 ' ) 1 . 4 0 5 8 ( 1 4 ) 
C ( 3 4 ) - C ( 3 5 ) 1 . 3 6 8 6 (14) C ( 3 4 ' ) - C ( 3 5 ' ) 1 . 3 7 4 7 (15) 
•• C ( 3 5 ) - C ( 3 6 ) 1 . 4 1 2 8 ( 1 5 ) C ( 3 5 ' ) - C ( 3 6 ' ) 1 . 4 1 6 6 ( 1 3 ) 
C ( l ) - 0 ( 1 ) - C ( 7 ) 1 1 7 . 8 5 ( 7 ) C ( 1 ' ) - 0 ( 1 ' ) - C ( 7 ' ) 1 1 5 . 1 8 ( 7 ) 
C ( 1 3 ) - 0 ( 2 ) - C ( 1 6 ) 9 5 . 6 2 (7) C ( 1 3 , ) -0 (2') - C ( 1 6 , ) 9 3 . 0 5 (7) 
C ( 2 1 ) - 0 ( 3 ) - C { 2 7 ) 1 1 9 . 4 3 (8) C { 2 1 ' ) - 0 ( 3 ' ) - C { 2 7 ' ) 1 1 6 . 8 4 ( 7 ) 
C { 2 ) - C ( l ) - 0 ( 1 ) 1 2 3 . 7 9 (9) C ( 2 ) - C ( 1 ) - C ( 6 ) 1 2 2 . 0 5 (8) 
0 ( 1 ) - C ( l ) - C ( 6 ) 1 1 4 . 1 1 ( 7 ) 0 ( 1 ' ) - C ( 1 ' ) - C ( 6 ' ) 1 1 7 . 1 4 ( 7 ) 
0 ( 1 ' ) - C ( l ' ) - C ( 2 ' ) 1 2 4 . 0 1 ( 7 ) C ( 6 ' ) - C ( l ' ) - C ( 2 ' ) 1 1 8 . 8 5 (8) 
C ( 3 ) - C ( 2 ) - C ( l ) 1 1 9 . 6 4 ( 1 0 ) C ( 3 ' ) - C ( 2 ' ) - C ( 1 ' ) 1 2 1 . 6 0 ( 8 ) 
C ( 2 ) - C ( 3 ) - C { 4 ) 1 2 1 . 1 1 ( 8 ) C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' ) 1 1 8 . 9 5 (8) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 1 1 8 . 5 7 (8) C ( 3 ' ) - C ( 4 ' ) - C ( 5 ' ) 1 1 9 . 3 6 ( 8 ) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 2 1 . 0 6 ( 8 ) C ( 6 ) - C (5 )'-C ( 31) 1 2 2 . 7 1 ( 7 ) 
C ( 4 ) - C ( 5 ) - C ( 3 1 ) 1 1 5 . 9 8 ( 7 ) C ( 6 ' ) - C { 5 ' ) - C ( 4 ' ) 1 2 1 . 3 7 ( 7 ) 
C ( 6 ' ) - C ( 5 ' ) - C ( 3 1 ' ) 1 2 2 . 6 0 (7) C ( 4 ' ) - C ( 5 ' ) - C ( 3 1 ' ) 1 1 5 . 4 4 ( 7 ) 
C ( 5 ) - C ( 6 ) - C ( l ) 1 1 7 . 5 4 ( 7 ) C (5 ) -C ( 6 ) - C (11) 1 2 1 J 6 ( 8 ) 
C ( l ) - C ( 6 ) - C ( l l ) 1 2 1 . 1 9 ( 7 ) C ( l ' ) - C ( 6 ' ) - C ( 5 ' ) 1 1 9 . 1 6 ( 7 ) 
C ( l ' ) - C ( 6 ' ) - C ( l l ' ) 1 1 9 . 8 4 ( 7 ) C ( 5 ' ) - C ( 6 ' ) - C ( 1 1 ' ) 1 2 0 . 8 8 (7) 
C ( 1 2 ) - C ( l l ) - C ( 6 ) 1 2 9 . 0 5 ( 8 ) C ( 1 2 ) - C ( 1 1 ) - C ( 1 6 ) 1 0 6 . 5 0 ( 7 ) 
• C ( 6 ) - C ( 1 1 ) - C { 1 6 ) 1 2 4 . 3 3 (7) C (12 ' ) -C (11' ) - C ( 6 ' ) 1 2 8 .30 (7). 
C ( 1 2 ' ) - C ( l l ' ) - C ( 1 6 ' ) 1 0 3 . 9 5 ( 7 ) C ( 6 ' ) - C { 1 1 ' ) - C ( 1 6 ' ) 1 2 7 . 4 7 ( 7 ) 
C ( l l ) - C ( 1 2 ) - C { 2 2 ) 1 2 8 . 6 5 ( 8 ) C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 1 0 5 . 6 8 ( 7 ) 
C ( 2 2 ) - C ( 1 2 ) - C ( 1 3 ) 1 2 5 . 6 2 (7) C ( 1 1 ' ) - C ( 1 2 ' ) - C ( 2 2 ' ) 1 2 9 . 7 1 ( 7 ) 
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C ( l l ' ) - C ( 1 2 ' ) - C ( 1 3 ' ) 1 0 2 . 3 1 ( 7 ) C(22‘)-C(12 ‘ ) -C (13‘) 1 2 7 . 8 5 (7) 
0 ( 2 ) - C ( 1 3 ) - C ( 1 2 ) 9 9 . 0 2 ( 6 ) 0(2) - C ( 1 3 ) - C ( 1 4 ) 9 7 . 8 7 (7) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 0 7 . 6 5 ( 8 ) 0 ( 2 ' ) - C ( 1 3 ' ) - C ( 1 4 ' ) 1 0 3 . 5 2 (8) 
0 ( 2 ' ) - C ( 1 3 ' ) - C { 1 2 ' ) 1 0 0 . 6 8 (7) C ( 1 4 ' ) - C ( 1 3 ' ) - C ( 1 2 ' ) 1 0 8 . 1 1 ( 7 ) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 1 0 7 . 4 3 (8) C ( 1 5 ' ) - C ( 1 4 ' ) - C ( 1 3 ' ) 1 0 5 . 0 3 (9) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 0 5 . 5 3 ( 9 ) C(14 ' ) - C ( 1 5 ' ) - C ( 1 6 ' ) 1 0 2 . 9 8 (8) 
0 ( 2 ) -C (16) - C ( 1 1 ) 9 8 . 4 2 ( 7 ) 0(2) - C ( 1 6 ) - C ( 1 5 ) 9 6 . 7 2 (7) 
C ( l l ) - C ( 1 6 ) - C ( 1 5 ) 1 0 8 . 2 6 ( 7 ) 0 ( 2 ' ) - C ( 1 6 ' ) - C ( 1 5 ' ) 1 0 1 . 8 9 ( 7 ) 
0 ( 2 ' ) - C ( 1 6 ' ) - C ( 1 1 ' ) 9 9 . 6 4 (6) C ( 1 5 ' ) - C ( 1 6 ' ) - C ( 1 1 ' ) 1 0 8 . 5 9 (8) 
C ( 2 6 ) - C ( 2 1 ) - 0 ( 3 ) 1 2 2 . 0 5 ( 8 ) C ( 2 6 ) - C ( 2 1 ) - C ( 2 2 ) 124 .58 (8) 
0 ( 3 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 3 . 3 7 ( 8 ) 0 ( 3 ' ) - C ( 2 1 ' ) - C ( 2 6 ' ) 1 2 3 . 3 5 (9) 
0 ( 3 ' ) - C ( 2 1 ' ) - C ( 2 2 ' ) 1 1 5 . 2 1 ( 7 ) C ( 2 6 ' ) - C ( 2 1 ' ) - C ( 2 2 ' ) 1 2 1 . 3 8(8) 
C ( 2 3 ) - C ( 2 2 ) - C ( 2 1 ) 1 1 7 . 1 7 ( 8 ) C ( 2 3 ) - C ( 2 2 ) - C ( 1 2 ) 1 2 2 . 3 8 ( 7 ) 
C ( 2 1 ) - C ( 2 2 ) - C ( 1 2 ) 1 2 0 . 4 6 ( 7 ) C ( 2 1 ' ) - C ( 2 2 ' ) -C (23') 1 1 8 . 6 3 ( 8 ) 
C ( 2 1 ' ) - C ( 2 2 ' ) - C ( 1 2 ' ) 1 2 0 . 1 5 ( 7 ) C ( 2 3 ' ) - C ( 2 2 ' ) - C ( 1 2 ' ) 1 2 1 . 1 8 ( 8 ) 
C ( 2 4 ) - C ( 2 3 ) - C ( 2 2 ) 1 1 6 . 9 6 (8.) C ( 24 )-C (2 3 )-C (3 6) 1 2 0 . 4 8 (8) 
. C ( 2 2 ) -C(2i) - C ( 3 6 ) 1 2 1 . 4 7 (8) C (24 ' ) - C (23 ' ) -C (22 ' ) 117.84(9). 
C ( 2 4 ' ) - C ( 2 3 ' ) - C ( 3 6 ' ) 1 2 0 . 4 8 (8) C ( 2 2 ' ) - C ( 2 3 ' ) - C ( 3 6 ' ) 1 2 1 . 5 9 ( 8 ) 
C ( 2 5 ) - C ( 2 4 ) - C ( 2 3 ) 1 2 2 . 6 3 ( 9 ) C ( 2 5 ' ) _ C ( 2 4 , ) _ C ( 2 3 ' ) 1 2 3 . 7 1 ( 9 ) 
C { 2 4 ) - C ( 2 5 ) - C ( 2 6 ) 1 2 1 . 8 1 ( 9 ) C ( 2 4 ' ) _ C ( 2 5 ' ) - C ( 2 6 , ) 1 1 9 . 8 0 (9) 
C ( 2 1 ) - C ( 2 6 ) - C { 2 5 ) 1 1 6 . 7 4 ( 9 ) C ( 2 5 ' ) - C ( 2 6 ' ) _ C ( 2 1 ' ) 1 1 8 . 4 7 ( 1 0 ) 
C ( 3 2 ) - C ( 3 1 ) - C { 3 6 ) 1 1 8 . 5 4 ( 9 ) C ( 3 2 ) - C ( 3 1 ) - C ( 5 ) 1 1 7 . 8 8 ( 8 ) 
C ( 3 6 ) - C ( 3 1 ) - C { 5 ) 1 2 3 . 3 2 (8) C ( 3 2 ' ) - C { 3 1 ' ) -C (36') 1 1 8 . 3 6 ( 8 ) 
C ( 3 2 ' ) - C ( 3 1 , ) - C ( 5 ' ) 1 1 6 . 0 1 ( 7 ) C ( 3 6 ' ) _ C { 3 1 ' ) _ C ( 5 ' ) 1 2 5 . 5 7 ( 8 ) 
C ( 3 1 ) - C { 3 2 ) - C ( 3 3 ) 1 2 1 . 6 3 (9) C ( 3 3 ' ) - C ( 3 2 , ) - C ( 3 1 ' ) 1 2 2 . 7 4 ( 8 ) 
C ( 3 4 ) - C ( 3 3 ) - C ( 3 2 ) 1 1 9 . 5 9 ( 9 ) C ( 3 2 ' ) - C ( 3 3 ' ) -C (34') 1 1 8 . 7 8 ( 1 0 ) 
C ( 3 3 ) - C ( 3 4 ) - C ( 3 5 ) 1 2 0 . 1 6 (10) C ( 3 5 ' ) _ C ( 3 4 ' ) -C (33,) 1 1 9 . 5 0 (9) 
C ( 3 4 ) - C ( 3 5 ) - C ( 3 6 ) 1 2 0 . 5 9 (9) C ( 3 4 ' ) - C { 3 5 ' ) -C (36') 1 2 2 . 1 4 ( 9 ) 
C ( 3 1 ) - C ( 3 6 ) - C ( 3 5 ) 1 1 9 . 4 4 (8) C ( 3 1 ) - C ( 3 6 ) -C (23) 1 2 4 . 5 4 (9) 
C ( 3 5 ) - C ( 3 6 ) - C ( 2 3 ) 1 1 6 . 0 2 (8) C ( 3 1 ' ) - C ( 3 6 ' ) - C ( 3 5 ' ) 1 1 8 . 3 9 ( 9 ) 
C ( 3 1 ' ) - C ( 3 6 ' ) - C ( 2 3 ' ) 1 2 3 . 5 8 ( 8 ) C ( 3 5 ' ) _ C ( 3 6 ' ) _ C ( 2 3 ' ) 1 1 7 . 9 6 ( 8 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A^ x 10^] for P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s t h e f o r m : 
-271"2 [ (ha )2Uii + ... + 2hka*b*U^2 ] 
U l l U 2 2 U3 3 U2 3 U 1 3 U 1 2 
0 ( 1 ) 5 6 ( 1 ) 6 9 ( 1 ) 6 1 ( 1 ) -7(1) 1 2 ( 1 ) 1 4 ( 1 ) 
O ( l ' ) 5 5 ( 1 ) 6 6 ( 1 ) 7 4 ( 1 ) 14(1) 2(1) 7 ( 1 ) 
0 ( 2 ) 6 8 ( 1 ) 5 3 ( 1 ) 5 9 ( 1 ) 7(1) 2 2 ( 1 ) 5 ( 1 ) . 
‘ 0 ( 2 ' ) 6 5 ( 1 ) 6 4 ( 1 ) 6 4 ( 1 ) - 1 7 ( 1 ) 2 2 ( 1 ) 1 ( 1 ) 
0 ( 3 ) 5 9 ( 1 ) 5 9 ( 1 ) 7 9 ( 1 ) -9(1) 2 ( 1 ) - 2 ( 1 ) 
0 ( 3 ' ) 5 7 ( 1 ) 6 9 ( 1 ) 5 8 ( 1 ) -2(1) 1 8 ( 1 ) - 1 3 ⑴ 
C ( l ) 6 0 ( 1 ) 4 6 ( 1 ) 6 0 ( 1 ) -8(1) 2 2 ( 1 ) - 3 ( 1 ) 
C ( l ' ) 6 0 ( 1 ) 5 0 ( 1 ) 5 6 ( 1 ) 1(1) 2 5 ( 1 ) - 2 ( 1 ) 
C ( 2 ) 6 7 ( 1 ) 7 1 ( 1 ) 4 9 ( 1 ) -4(1) 1 7 ( 1 ) 5 ( 1 ) 
C ( 2 ' ) 7 1 ( 1 ) 4 5 ( 1 ) 7 4 ( 1 ) 2(1) 2 4 ( 1 ) 1 2 ( 1 ) 
6 8 ( 1 ) 75 (1) 47 (1) -8(1) 6(1) 1 2 ( 1 ) 
C ( 3 ' ) 7 4 ( 1 ) 4 7 ( 1 ) 6 9 ( 1 ) -7(1) 1 9 ( 1 ) 3 ( 1 ) 
C ⑷ 5 4 ( 1 ) 5 8 ( 1 ) 4 7 ( 1 ) 1(1) 6(1) 1 ( 1 ) 
69 (1) 4 2 ( 1 ) 57 (1) -2 (1) 18 (1) 6(1). 
C ( 5 ) 5 4 ( 1 ) 5 1 ( 1 ) 4 5 ( 1 ) -2(1) 1 6 ( 1 ) 1 ( 1 ) 
C ( 5 ' ) 5 0 ( 1 ) 4 2 ( 1 ) 4 9 ( 1 ) 4(1) 1 7 ( 1 ) - 2 ( 1 ) 
C ( 6 ) . 5 1 ( 1 ) 45 (1) 47 (1) 0(1) 4 (1) -1 (1) 
) 5 5 ( 1 ) 5 0 ( 1 ) 4 2 ( 1 ) 3(1) 1 3 ( 1 ) - 7 ( 1 ) 
C ( 7 ) 7 8 ( 1 ) 7 4 ( 1 ) 7 5 ( 1 ) - 1 3 ( 1 ) 2 5 ( 1 ) 2 2 ( 1 ) 
C ( 7 ' ) 76 (1) 77 (1) 69 (1) 9 (1) 2 (1) 12 (1) 
C ( l l ) 5 0 ( 1 ) 5 1 ( 1 ) 5 5 ( 1 ) -1(1) 1 9 ( 1 ) 6 ( 1 ) • 
• . C ( l l ' ) 4 2 ( 1 ) 4 7 ( 1 ) 4 6 ( 1 ) -3(1) 9(1) - 4 ( 1 ) 
C ( 1 2 ) 5 5 ( 1 ) 5 0 ( 1 ) 5 2 ( 1 ) -1(1) 1 6 ( 1 ) - 2 ( 1 ) 
C ( 1 2 ' ) 4 3 ( 1 ) 4 1 ( 1 ) 5 0 ( 1 ) -3(1) 7 ( 1 ) 2 ( 1 ) 
C ( 1 3 ) 5 4 ( 1 ) 5 3 ( 1 ) 6 1 ( 1 ) -3(1) 7 ( 1 ) - 1 ( 1 ) 
C ( 1 3 ' ) 6 2 ( 1 ) 4 7 ( 1 ) 7 0 ( 1 ) -7(1) 1 4 ( 1 ) - 5 ( 1 ) 
C ( 1 4 ) 5 7 ( 1 ) 7 0 ( 1 ) 6 3 ( 1 ) 3(1) 1(1) 9 ( 1 ) 
C ( 1 4 ' ) 6 8 ( 1 ) 6 4 ( 1 ) 5 5 ( 1 ) - 1 1 ( 1 ) 1 5 ( 1〉 - 1 9 ( 1 ) 
C ( 1 5 ) 4 8 ( 1 ) 6 2 ( 1 ) 7 2 ( 1 ) 9(1) 1 8 ( 1 ) 1 1 ( 1 ) 
C ( 1 5 ' ) 5 1 ( 1 ) 7 2 ( 1 ) 5 8 ( 1 ) - 1 3 ( 1 ) 1 3 ( 1 ) - 1 ( 1 ) 
C ( 1 6 ) 5 5 ( 1 ) 4 7 ( 1 ) 4 9 ( 1 ) 0(1) 1 6 ( 1 ) 2 ( 1 ) 
C ( 1 6 ' ) 6 2 ( 1 ) 6 4 ( 1 ) 4 0 ( 1 ) -6(1) 1 3 ( 1 ) - 6 ( 1 ) . 
C ( 2 1 ) 54 (1) 5 5 ( 1 ) 56 (1) -9 (1) 8 (1) - 6 ( 1 ) 
C ( 2 1 ' ) 44 (1) 4 9 ( 1 ) 53 (1) -2(1) 4 ( 1 ) - 6 ( 1 ) 
C ( 2 2 ) • 5 6 ( 1 ) 4 2 ( 1 ) 5 5 ( 1 ) -4(1) 2 0 ( 1 ) - 6 ( 1 ) 
C ( 2 2 ' ) 5 1 ( 1 ) 3 9 ( 1 ) 5 3 ( 1 ) 5(1) 1 6 ( 1 ) 1 ( 1 ) 
C ( 2 3 ) 6 0 ( 1 ) 56 (1) 50 (1) 2 (1) 16 (1) 2 (1) 
C ( 2 3 ' ) 4 9 ( 1 ) 4 0 ( 1 ) 6 2 ( 1 ) 1(1) 7 ( 1 ) _ 1 ( 1 ) 
C ( 2 4 ) 6 4 ( 1 ) 5 9 ( 1 ) 6 9 ( 1 ) -1(1) 2 0 ( 1 ) 2 0 ( 1 ) 
• • C ( 2 4 ' ) 6 0 ( 1 ) 6 9 ( 1 ) 6 1 ( 1 ) -2(1) 8(1) - 1 3 ( 1 ) 
C ( 2 5 ) 83 (1) 44 (1) 82 (1) -8 (1) 29 (1) 4 (1) 
C ( 2 5 ' ) 6 8 ( 1 ) 7 6 ( 1 ) 5 5 ( 1 ) - 1 1 ( 1 ) 1 1 ( 1 ) 0 ( 1 ) 
C ( 2 6 ) 6 5 ( 1 ) 5 7 ( 1 ) 7 1 ( 1 ) - 1 1 ( 1 ) 1 8 ( 1 ) - 7 ( 1 ) 
C ( 2 6 ' ) 6 0 ( 1 ) 6 2 ( 1 ) 5 7 ( 1 ) 4(1) 1 9 ( 1 ) - 2 ( 1 ) 
C ( 2 7 ) 8 0 ( 1 ) 8 0 ( 1 ) 7 9 ( 1 ) - 1 4 ( 1 ) - 9 ( 1 ) - 2 1 ( 1 ) 
C ( 2 7 ' ) 5 6 ( 1 ) 65 (1) 72 (1) -2 (1) 20 (1) -7 (1) 
C (31) 4 9 ( 1 ) 4 6 ( 1 ) 50 (1) -1(1) 7 (1) 9 ( 1 ) 
C ( 3 1 ' ) 4 5 ( 1 ) 4 7 ( 1 ) 5 1 ( 1 ) -1(1) 8(1) - 5 ( 1 ) 
84 
C ( 3 2 ) 5 2 ( 1 ) 5 5 ( 1 ) 68(1) -1(1) 1 4 ( 1 ) 6(1) 
C ( 3 2 ' ) 6 1 ( 1 ) 5 2 ( 1 ) 56(1) - 4 ( 1 ) 1 3 ( 1 ) - 2 ( 1 ) 
C ( 3 3 ) 5 1 ( 1 ) 6 5 ( 1 ) 67(1) 6(1) 6(1) - 2 ( 1 ) 
C ( 3 3 ' ) 5 3 ( 1 ) 6 1 ( 1 ) 7 8 ( 1 ) - 6 ( 1 ) 2 9 ( 1 ) - 9 ( 1 ) 
C ( 3 4 ) 5 6 ( 1 ) 7 5 ( 1 ) 5 3 ( 1 ) 1 0 ( 1 ) 1 3 ( 1 ) 9 ⑴ 
C ( 3 4 ' ) 5 1 ( 1 ) 6 3 ( 1 ) 80(1) - 1 4 ( 1 ) 2 3 ( 1 ) - 3 ( 1 ) 
• C ( 3 5 ) 5 9 ( 1 ) 6 0 ( 1 ) 65(1) - 1 ( 1 ) 2 3 ( 1 ) 1 4 ( 1 ) 
C ( 3 5 ' ) 5 8 ( 1 ) 5 5 ( 1 ) 61(1) 1(1) 1 0 ( 1 ) 7 ( 1 ) 
C ( 3 6 ) 5 8 ( 1 ) 4 8 ( 1 ) 5 4 ( 1 ) 6(1) 1 7 ( 1 ) 8 ( 1 ) 
C ( 3 6 ' ) 5 1 ( 1 ) 5 1 ( 1 ) 5 8 ( 1 ) - 8 ( 1 ) 1 3 ( 1 ) 0(1) 
85 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10^) a n d i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r P . 
X y Z U ( e q ) 
H ( 2 A ) 2 4 7 0 2 4 9 1 -920 74 
H ( 2 ' A ) 8 9 2 1 - 3 5 0 6 3 6 8 7 75 
H ( 3 A ) 2 7 6 3 0 9 2 - 1 5 2 6 78 
H ( 3 ' A ) 6 8 4 2 - 4 0 2 1 2 6 5 0 75 
H ( 4 A ) - 1 0 5 6 3 5 2 4 -359 64 
H ( 4 ' A ) 4 9 4 8 - 3 0 5 6 2 1 4 8 67 
H ( 7 A ) 5 4 7 5 1 6 6 2 759 112 
H ( 7 B ) 4 8 3 3 2 4 0 0 -43 112 
H ( 7 C ) 4 0 9 4 1 4 8 5 -106 112 
H ( 7 ' A ) 1 1 4 3 7 - 2 1 1 7 5 1 9 2 1 1 5 
H ( 7 ' B ) 1 0 8 2 7 - 2 9 3 5 . 4 5 1 3 115 
H ( 7 ' C ) 1 0 0 8 1 - 2 5 8 0 5367 115 
H ( 1 3 A ) 3 3 9 2 3 2 6 4 4 9 3 0 69 
H ( 1 3 B ) 7 6 4 8 1 3 6 4 2794 72 
H ( 1 4 ) 5 7 1 4 2 8 4 5 4 4 9 9 79 
H ( 1 4 C ) 1 0 1 9 7 1 0 5 4 3 1 2 0 75 
H ( 1 5 ) 5 2 7 5 1 6 9 5 3200 72 
H ( 1 5 C ) 1 0 7 3 0 -99 4 4 9 2 72 
H ( 1 6 A ) 2 5 9 5 1 3 9 7 2 7 1 8 60 
H ( 1 6 B ) 8 3 9 9 - 4 5 6 4 9 2 3 66 
H ( 2 4 A ) 3 1 5 8 3 5 2 1 4 3 76 
H ( 2 4 B ) 4 0 2 2 - 7 6 4 -353 77 
H ( 2 5 A ) 1 8 3 4 6 7 5 6 2 7 7 3 81 
H ( 2 5 B ) 5 2 9 6 - 3 6 8 - 1 5 1 3 80 
H ( 2 6 A ) 4 0 3 3 6 2 3 8 3 6 5 8 77 
H ( 2 6 B ) 7 5 1 0 269 -913 7 1 
H ( 2 7 A ) 6 4 3 6 4 7 5 4 5 1 0 9 126 
H ( 2 7 B ) 5 1 7 4 5 2 7 5 5 3 5 9 1 2 6 
H ( 2 7 C ) 5 9 0 5 5 6 1 5 .4491 126 
H ( 2 7 D ) 1 0 4 7 6 1 0 8 5 7 5 5 95 
H ( 2 7 E ) 9 0 7 0 1 3 2 6 一 5 1 95 
H C 2 7 F ) 9 7 4 4 4 0 1 -90 95 
H ( 3 2 A ) - 1 9 6 9 2 5 4 8 1 0 6 6 70 
H ( 3 2 B ) 3 9 5 5 - 2 0 7 0 3 4 5 3 67 
H ( 3 3 A ) - 3 5 8 6 2 8 7 7 2 0 5 0 75 
H ( 3 3 B ) 1 8 7 3 - 1 3 0 5 3 2 5 6 74 
H ( 3 4 A ) - 3 1 7 7 4 0 3 1 3 2 0 7 74 
H ( 3 4 B ) 1 3 9 1 -147 2 0 4 6 76 
H ( 3 5 A ) - 1 0 9 9 4 7 8 8 3 4 8 4 7 1 





T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t f o r P . 
I d e n t i f i c a t i o n c o d e y a n g 4 
E m p i r i c a l f o r m u l a "^30^28^6 \ / 
F o r m u l a w e i g h t 4 8 4 . 5 2 
T e m p e r a t u r e 2 9 3 ( 2 ) K 
H O — — ^ ——OH 
W a v e l e n g t h 0 . 71073 A HO __V OH 
C r y s t a l s y s t e m M O N O C L I N I C 68 
S p a c e g r o u p P 2 ^ / n 
U n i t c e l l d i m e n s i o n s a = 1 2 . 9 5 4 (3) A a l p h a = 9 0 ° 
b = 14 .984 (3) A b e t a = 102 .76 ( 3 )° 
c = 2 7 . 1 5 4 ( 5 ) A g a m m a = 9 0 ° 
V o l u m e , Z 5 1 4 0 . 5 ( 1 8 ) f ? , 8 
3 
. D e n s i t y ( c a l c u l a t e d ) 1 . 2 5 2 M g / m 
• - 1 
A b s o r p t i o n c o e f f i c i e n t 0 . 0 8 7 m m 
F ( 0 0 0 ) 2 0 4 8 
C r y s t a l s i z e 0 . 5 0 x 0 . 4 0 x 0 . 2 0 m m 
• o 
e r a n g e f o r d a t a c o l l e c t i o n 1 . 5 4 to 2 5 . 5 3 
L i m i t i n g i n d i c e s 0 < h < 1 5 , - 1 8 < k < 1 8 , - 3 2 < 1 < 32 
R e f l e c t i o n s c o l l e c t e d 1 3 6 1 8 
I n d e p e n d e n t r e f l e c t i o n s 8 1 3 2 (R. = 0 . 0 2 8 2 ) 
i n t 
C o m p l e t e n e s s t o 6 = 2 5 . 5 3 ° 8 4 . 7 % 
A b s o r p t i o n c o r r e c t i o n A B S C O R 
M a x . a n d m i n . t r a n s m i s s i o n 0 . 9 8 2 9 a n d 0 . 9 5 7 9 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 8 1 3 2 / 0 / 650 
2 
G o o d n e s s - o f - f i t o n F 1 . 1 2 1 
F i n a l R i n d i c e s [工>2(T(I)] R 1 = 0 . 0 6 5 4 , w R 2 = 0 . 1 7 7 8 
R i n d i c e s ( a l l d a t a ) R 1 = 0 . 0 7 7 8 , w R 2 = 0 . 1 8 7 6 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 1 3 5 ( 1 5 ) 
。-3 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 4 0 3 a n d 一 0 . 3 3 6 e A 
88 
« 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 1 0 ^ a n d e q u i v a l e n t i s o t r o p i c 
* 2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . u ( e g ) is d e f i n e d a s 
o n e t h i r d o f t h e t r a c e of t h e o r t h o g o n a l i z e d U t e n s o r 
X y z U ( e q ) 
O ( l ' ) 4 9 2 6 ( 1 ) 5 5 4 8 ( 2 ) 1 9 4 9 ( 1 ) 7 4 ( 1 ) 
0 ( 1 ) 3 8 9 ( 1 ) 5 6 2 2 ( 2 ) 3 0 0 8 ( 1 ) 7 5 ( 1 ) 
0 ( 2 ' ) 9 1 9 0 ( 1 ) 5 1 4 1 ( 2 ) 2 0 3 6 ( 1 ) 7 7 ( 1 ) 
0 ( 2 ) 4 5 8 5 ( 2 ) 5 4 1 8 ( 2 ) 2 9 2 7 ( 1 ) 8 3 ( 1 ) 
0 ( 3 ' ) 8 2 1 3 ( 2 ) 3803 (1) 1 1 1 1 (1) 75 (1) 
O ⑶ 4 5 0 9 ( 2 ) 3 9 1 9 ( 2 ) 3 7 6 6 ( 1 ) 8 3 ( 1 ) 
0 ( 4 ' ) 4 8 4 3 ( 2 ) 4 1 6 6 ( 1 ) 1 0 3 7 ( 1 ) 7 8 ( 1 ) 
O ⑷ 1 1 3 3 ( 2 ) 4 1 5 6 ( 2 ) . 3 8 3 4 ( 1 ) 8 5 ( 1 ) 
0 ( 5 ) 2 5 9 6 ( 2 ) - 1 5 0 5 (2) 1802 (1) 9 2 ( 1 ) 
0 ( 5 ' ) 3 0 7 8 ( 3 ) 6 2 8 2 ( 3 ) 1 3 3 6 ( 1 ) 1 5 4 ( 2 ) 
0 ( 6 ' ) 6 6 7 4 ( 2 ) 3 3 5 8 ( 2 ) 1 6 8 9 ( 1 ) 8 1 ( 1 ) 
0 ( 6 ) 6 0 7 5 ( 2 ) 9 9 1 ( 2 ) 1 4 1 8 ( 1 ) 1 0 5 ( 1 ) 
C ( l ' ) 5 9 8 6 ( 2 ) 5 4 3 2 ( 2 ) 1 9 5 3 ( 1 ) 5 2 ( 1 ) 
C ⑴ 1 4 5 0 ( 2 ) 5 5 7 2 ( 2 ) 3 0 0 9 ( 1 ) 5 7 ( 1 ) 
C ( 2 ' ) 6666 (2) 5 2 7 8 (2) 2413 (1) 59 (1) 
C ⑵ 1 7 0 9 ( 2 ) 5 5 1 5 ( 2 ) 2 5 4 3 ( 1 ) 6 8 ( 1 ) 
7 7 3 0 ( 2 ) 5 1 7 6 ( 2 ) 2 4 4 3 ( 1 ) 6 0 ( 1 ) 
C ( 3 ) 2 7 4 8 ( 2 ) 5 4 6 1 ( 2 ) 2 5 1 5 ( 1 ) 6 9 ( 1 ) 
C ( 4 ' ) 8 1 2 7 ( 2 ) 5 2 2 9 ( 2 ) 2 0 1 5 ( 1 ) 5 4 ( 1 ) 
C ( 4 ) 3 5 4 5 ( 2 ) 5 4 6 1 ( 2 ) 2 9 4 5 ( 1 ) 6 0 ( 1 ) 
C ( 5 ' ) 7 4 5 0 (2) 5 3 6 3 (2) 1545 (1) 47 (1) 
C ( 5 ) 3 3 0 0 ( 2 ) 5 5 0 6 ( 2 ) 3 4 2 1 ( 1 ) 5 2 ( 1 ) 
C ( 6 ' ) 6 3 6 1 ( 2 ) 5 4 7 0 ( 2 ) 1 5 1 3 ( 1 ) 4 7 ( 1 ) 
C ( 6 ) 2 2 3 8 (2) 5 5 6 7 (2) 3452 (1) 49 (1) 
C ( l l ' ) 8 2 6 3 (2) 4 6 2 2 (2) 897 (1) 57 (1) 
C ( l l ) 4 7 5 5 ( 2 ) 4 7 0 1 ( 2 ) 4 0 2 0 ( 1 ) 6 1 ( 1 ) 
C ( 1 2 ' ) 8 7 1 3 (2) 4 6 5 3 (2) 479 (1) 65 (1) 
C ( 1 2 ) 5 6 2 2 ( 2 ) 4 6 8 9 ( 2 ) 4 4 2 8 ( 1 ) 7 2 ( 1 ) 
8 7 7 0 ( 2 ) 5 4 5 1 ( 2 ) 2 4 0 ( 1 ) 7 0 ( 1 ) 
C ( 1 3 ) 5 9 0 3 ( 2 ) 5 4 4 6 ( 3 ) 4 7 0 4 ( 1 ) 7 5 ( 1 ) 
C ( 1 4 ' ) 8 3 8 2 ( 2 ) 6 2 2 7 ( 2 ) 4 0 7 ( 1 ) 6 4 ( 1 ) 
5 3 2 5 (2) 6226 (2) 4 5 8 7 (1) 7 1 (1) 
C ( 1 5 ' ) 7 9 2 7 ( 2 ) 6 2 0 6 ( 2 ) 8 2 5 ( 1 ) 5 3 ( 1 ) 
C U 5 ) 4 4 5 1 (2) 6 2 5 1 (2) 4 1 7 8 (1) 57 (1) 
7 8 7 9 ( 2 ) 5 3 9 4 ( 2 ) 1 0 7 9 ( 1 ) 5 0 ( 1 ) 
C ( 1 6 ) 4 1 7 3 ( 2 ) 5 4 8 3 ( 2 ) 3 8 8 4 ( 1 ) 5 3 ( 1 ) 
C ( 2 1 ' ) 6 4 0 3 ( 2 ) 7 1 5 4 ( 2 ) 9 6 5 ( 1 ) 5 4 ( 1 ) 
C ( 2 1 ) 2 7 7 6 ( 2 ) 7 1 4 6 ( 2 ) 4 1 0 7 ( 1 ) 5 8 ( 1 ) 
C ( 2 2 ' ) 6 0 4 0 ( 2 ) 7 9 6 9 ( 2 ) 1 1 0 2 ( 1 ) 6 6 ( 1 ) 
C ( 2 2 ) 2 2 6 0 ( 2 ) 7 9 5 7 ( 2 ) 4 0 2 5 ( 1 ) 7 2 ( 1 ) 
C ( 2 3 ' ) 6 7 3 0 (3) 8 6 6 8 (2) 1 2 7 0 (1) 77 (1) 
C ( 2 3 ) 2 7 5 0 ( 3 ) 8 7 0 9 ( 2 ) 3 8 9 0 ( 1 ) 8 6 ( 1 ) 
7800(3) 8562(2) 1 3 0 1 ( 1 ) 78(1) 
C ( 2 4 ) 3 7 8 2 ( 3 ) 8 6 5 9 ( 2 ) 3 8 3 9 ( 1 ) 8 6 ( 1 ) 
C ( 2 5 ' ) 8 1 7 6 ( 2 ) 7 7 5 8 ( 2 ) 1 1 6 4 ( 1 ) 6 7 ( 1 ) 
C ( 2 5 ) 4 3 2 2 ( 2 ) 7 8 5 2 ( 2 ) 3 9 3 1 ( 1 ) 7 4 ( 1 ) 
C ( 2 6 ' ) 7 4 9 7 ( 2 ) 7 0 4 7 ( 2 ) 9 9 6 ( 1 ) 5 5 ( 1 ) 
C ( 2 6 ) 3 8 3 3 (2) 7 0 8 7 (2) 4 0 6 0 (1) 59 (1) 
89 
C ( 3 1 ' ) 4 8 6 7 ( 2 ) 4 9 8 2 ( 2 ) 8 1 7 ( 1 ) 5 8 ( 1 ) 
C ( 3 1 ) 1 4 2 2 ( 2 ) 4 9 0 7 ( 2 ) 4 1 2 0 ( 1 ) 6 0 ( 1 ) 
C ( 3 2 ' ) 4 1 1 1 ( 2 ) 5 1 4 9 ( 2 ) 3 7 6 ( 1 ) S 9 ( l ) . 
C ( 3 2 ) 1 1 3 5 (2) 4 9 4 0 ( 2 ) 4580 (1) 7 2 ( 1 ) 
C ( 3 3 ' ) 4 1 2 0 ( 2 ) 5 9 4 3 ( 2 ) 1 3 4 ( 1 ) 7 4 ( 1 ) 
C ( 3 3 ) 1 3 9 4 (2) 5673 (3) 4 8 8 0 (1) 77 (1) 
C ( 3 4 ' ) 4 8 7 8 ( 2 ) 6 5 8 4 ( 2 ) 3 1 9 ( 1 ) 6 9 ( 1 ) 
1 9 2 8 ( 2 ) 6 3 8 0 ( 2 ) 4 7 3 1 ( 1 ) 7 0 ( 1 ) 
C ( 3 5 ' ) 5 6 2 9 ( 2 ) 6 4 4 1 ( 2 ) 7 6 1 ( 1 ) 5 3 ( 1 ) 
2 2 2 1 ( 2 ) 6 3 6 2 (2) 4 2 6 7 (1) 5 S ( 1 ) 
C ( 3 6 ' ) 5 6 1 4 ( 2 ) 5 5 2 8 ( 2 ) 1 0 2 0 ( 1 ) 5 0 ( 1 ) 
C ( 3 6 ) 1 9 5 8 (2) 5 6 1 1 (2) 3 9 5 6 (1) 5 1 ( 1 ) 
C ( 4 1 ) 4 0 6 5 ( 4 ) - 2 0 1 2 ( 4 ) 2 4 0 8 ( 2 ) 1 4 2 ( 2 ) 
C ( 4 1 ' ) 1 2 4 5 ( 4 ) 6 4 0 2 ( 4 ) 1 1 0 5 ( 2 ) 1 5 7 ( 2 ) 
2 9 1 5 ( 3 ) - 1 8 3 7 ( 2 ) 2 2 1 6 ( 1 ) 9 0 ( 1 ) 
C ( 4 2 ' ) 2 3 2 7 ( 3 ) 6 6 1 7 ( 3 ) 1 0 7 1 ( 1 ) 9 5 ( 1 ) 
C ( 4 3 ' ) 2 4 1 7 ( 4 ) 7 3 0 8 ( 4 ) 6 8 5 ( 2 ) 1 2 5 ( 2 ) 
C ( 4 3 ) 2 1 7 2 ( 5 ) - 2 0 5 1 ( 4 ) 2 5 3 8 ( 2 ) 1 3 6 ( 2 ) 
C ( 4 4 ) 6 0 0 6 ( 4 ) 1 9 2 3 ( 3 ) 7 2 6 ( 2 ) 1 2 8 ( 2 ) 
C ( 4 4 ' ) 5 7 2 5 ( 5 ) 2 8 9 7 ( 4 ) 2 2 8 0 ( 2 ) 1 5 0 ( 2 ) 
C ( 4 5 ) 6 5 4 2 (3) 1 3 6 8 (2) 1 1 4 7 ( 1 ) 75 (1) 
6713(4) 3 0 1 8 ( 2 ) 2 0 9 7 ( 1 ) 8 9 ( 1 ) 
C ( 4 6 ) 7 7 1 5 ( 4 ) 1 3 0 1 ( 4 ) 1 2 3 3 ( 2 ) 1 2 4 ( 2 ) 
C ( 4 6 ' ) 7 7 2 0 ( 5 ) 2 7 2 0 ( 3 ) 2 4 2 0 ( 2 ) 1 3 9 ( 2 ) 
、90 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [^] for P . 
O j l ' h C d ' ) 1 . 3 8 2 ( 3 ) 0 (l)-c(l) 1 . 3 7 5 (3 ) 
0 ( 2 ' ) - C ( 4 ' ) 1 . 3 7 2 ( 3 ) 0 ( 2 ) - C ( 4 ) 1 . 3 6 1 ( 3 ) 
O 3 ' ) - C ( l l ' ) 1 . 3 6 5 ( 3 ) 0 ( 3 ) - C ( l l ) 1 . 3 6 2 4 
0 ( 4 ' ) - C ( 3 1 ' ) 1 . 3 6 4 ( 3 ) 0 { 4 ) - C ( 3 1 ) 1 3 7 1 ( 3 ) 
0 ( 5〉 - C ( 4 2 ) 1 . 2 1 5 ( 4 ) 0 ( 5 ' ) - C ( 4 2 ' ) 1 . 1 8 6 ( 4 ) 
0 ( 6 ' ) - C ( 4 5 ' ) 1 . 2 1 0 ( 4 ) 0 ( 6 ) - C ( 4 5 ) 1 1 9 5 ( 4 ) 
1 . 3 7 9 ( 3 ) C ( l ' ) - C ( 6 ' ) 1 . 3 8 8 ( 3 ) 
C ⑴ - C ⑵ 1 . 3 8 1 ( 4 ) C ( l ) - C { 6 ) 1 . 397 (3) 
C ( 2 ' ) - C ( 3 ' ) 1 . 3 7 1 ( 4 ) C ( 2 ) - C ( 3 ) 1 . 3 6 8 ( 4 ) 
C ( 3 ' ) - C ( 4 ' ) 1 . 3 7 4 ( 3 ) C ( 3 ) - C ( 4 ) 1 . 3 8 0 ( 4 ) 
C ( 4 ' ) - C ( 5 ' ) 1 . 3 9 4 ( 3 ) C ( 4 ) - C ( 5 ) . 1 . 3 9 5 ( 3 ) 
C ( 5 ' ) - C ( 6 ' ) 1 . 4 0 4 ( 3 ) C ( 5 ' ) - C { 1 6 ' ) 1 . 4 9 0 ( 3 ) 
C ( 5 ) - C ( 6 ) 1 . 4 0 0 ( 3 ) C ( 5 ) - C ( 1 6 ) 1 . 4 9 5 ( 3 ) 
C ( 6 ' ) - C ( 3 6 ' ) 1 . 4 8 8 ( 3 ) C ( 6 ) - C ( 3 6 ) 1 . 4 9 2 ( 3 ) 
C ( l l ' ) - C ( 1 2 ' ) 1 . 3 8 5 ( 4 ) C ( l l ' ) - C ( 1 6 ' ) 1 . 3 9 3 ( 4 ) 
C ( l l ) - C ( 1 2 ) 1 . 3 9 2 ( 4 ) C ( l l ) - C ( 1 6 ) 1 . 3 9 8 ( 4 ) 
. . C ( 1 2 ' ) - c a 3 ' ) 1 . 3 7 0 ( 4 ) C ( 1 2 ) - C ( 1 3 ) 1.364 (5) 
C ( 1 3 ' ) - e ( 1 4 ' ) 1 . 3 8 1 ( 4 ) C ( 1 3 ) - C ( 1 4 ) 1 . 3 8 7 ( 4 ) 
C ( 1 4 ' ) - C ( 1 5 ' ) 1 . 3 9 1 ( 3 ) C ( 1 4 ) - C ( 1 5 ) 1 . 4 0 0 ( 4 ) 
C ( 1 5 ' ) - C ( 1 6 ' ) 1 . 4 0 6 ( 4 ) C ( 1 5 ' ) - C ( 2 6 ' ) 1 4 9 4 ( 4 ) 
C ( 1 5 ) - C ( 1 6 ) 1 . 4 0 2 ( 4 ) C ( 1 5 ) - C ( 2 6 ) 1 . 4 8 4 ( 4 ) 
C ( 2 1 ' ) - C ( 2 2 ' ) 1 . 3 8 8 ( 4 ) C ( 2 1 ' ) - C ( 2 6 ' ) 1 4 1 0 ( 4 ) 
C ( 2 1 ' ) - C ( 3 5 ' ) 1.486(4) C ( 2 1 ) - C ( 2 2 ) 1.382(4) 
C ( 2 1 ) - C ( 2 6 ) 1 . 4 0 6 ( 4 ) C ( 2 1 ) - C ( 3 5 ) 1 4 9 1 ( 4 ) 
C ( 2 2 ' ) - C ( 2 3 ' ) 1 . 3 8 7 ( 4 ) C ( 2 2 ) - C ( 2 3 ) 1 . 3 8 2 ( 5 ) 
C ( 2 3 ' ) - C ( 2 4 ' ) 1 . 3 8 0 ( 5 ) C ( 2 3 ) - C ( 2 4 ) 1 . 3 7 7 ( 5 ) 
C ( 2 4 ' ) - C ( 2 5 ' ) 1 . 3 8 0 ( 4 ) C ( 2 4 ) - C { 2 5 ) 1 3 9 1 ( 5 ) 
C ( 2 5 ' ) - C ( 2 6 ' ) 1 . 3 9 3 ( 4 ) C ( 2 5 ) - C ( 2 6 ) 1 . 3 9 2 ( 4 ) 
C ( 3 1 ' ) _ C ( 3 2 ' ) 1 . 3 9 1 ( 4 ) C (31') -C (36') 1 393 (4) 
C ( 3 1 ) - C ( 3 2 ) 1 . 3 8 1 (4). C ( 3 1 ) - C ( 3 6 ) 1 . 3 8 9 (4) 
C ( 3 2 ' ) - C ( 3 3 ' ) 1 . 3 6 1 ( 4 ) C(32) -C{33) 1.364 (5) 
C ( 3 3 ' ) - C ( 3 4 ' ) 1 . 3 8 7 ( 4 ) C ( 3 3 ) - C ( 3 4 ) 1 . 3 7 5 (5) 
C ( 3 4 ' ) - C ( 3 5 ' ) 1 . 3 8 5 ( 3 ) C ( 3 4 ) - C ( 3 5 ) 1 3 9 5 ( 4 ) 
C ( 3 5 ' ) - C ( 3 6 ' ) 1 . 4 0 8 (3) C ( 3 5 ) - C ( 3 6 ) 1 . 4 0 2 (4) 
C ( 4 1 ) - C ( 4 2 ) 1 . 4 8 9 ( 6 ) C ( 4 1 ' ) - C ( 4 2 ' ) 1 . 4 6 1 ( 7 ) 
C ( 4 2 ) - C { 4 3 ) 1 . 4 7 1 (6) C ( 4 2 ' ) - C ( 4 3 ' ) 1 . 4 9 6 ( 6 ) 
C ( 4 4 ) - C ( 4 5 ) 1 . 4 5 9 ( 5 ) C ( 4 4 ' ) -C(45') 1 . 4 8 2 ( 6 ) 
C ( 4 5 ) - C ( 4 6 ) 1 . 4 8 9 (5) C{45 ' ) -C(46 ' ) 1 . 4 7 1 ( 6 ) 
C ( 2 ' ) - C ( l ' ) - 0 ( 1 ' ) 1 1 7 . 6 ( 2 ) C ( 2 ' ) - C ( l ' ) - C ( 6 ' ) 1 2 0 . 7 ( 2 ) 
0 ( 1 ' ) - C ( 1 ' ) - C ( 6 ' ) 1 2 1 . 6 ( 2 ) 0 ( 1 ) - C ( 1 ) - C ( 2 ) 1 1 6 . 5 ( 2 ) 
0 ( 1 ) - C ( l ) - C ( 6 ) 1 2 2 . 8 ( 2 ) C(2) - C { 1 ) - C ( 6 ) 120 7 (2) 
C ( 3 ' ) - C ( 2 ' ) - C ( 1 ' ) 1 2 0 . 5 ( 2 ) C ( 3 ) - C ( 2 ) -C(l) 1 1 9 . 7 ( 2 ) 
C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' ) 1 2 0 . 1 ( 2 ) C ( 2 ) - C ( 3 ) - C ( 4 ) 1 2 0 . 9 ( 2 ) 
0(2' )-C(4')-C(3') 121.2(2) 0 ( 2')-C(4')-C(5 ' ) 118.3(2) 
C ( 3 ' ) _ C ( 4 ' ) _ C ( 5 ' ) 1 2 0 . 5 ( 2 ) 0(2) - C ( 4 ) - C ( 3 ) 1 2 1 . 9 ( 2 ) 
0 ( 2 ) -C (4) - C ( 5 ) 1 1 7 . 9 ( 2 ) C ( 3 ) - C ( 4 ) - C ( 5 ) 1 2 0 . 2 ( 2 ) 
C ( 4 ' ) - C { 5 ' ) - C ( 6 ' ) 1 1 9 . 5 ( 2 ) C ( 4 ' ) - C ( 5 ' ) - C ( 1 6 ' ) 1 2 0 . 3 ( 2 ) 
C ( 6 ' ) - C ( 5 ' ) - C ( 1 6 ' ) 1 2 0 . 2 ( 2 ) C ( 4 ) - C ( 5 ) - C ( 6 ) 1 1 9 . 2 ( 2 ) 
C ( 4 ) -C (5) - C ( 1 6 ) 1 1 9 . 4 ( 2 ) C(6) - C ( 5 ) - C ( 1 6 ) 1 2 1 . 4 ( 2 ) 
C ( l ' ) - C ( 6 ' ) - C ( 5 ' ) 1 1 8 . 7 ( 2 ) C ( l ' ) - C ( 6 ' ) - C { 3 6 ' ) 1 2 0 . 0 ( 2 ) 
C ( 5 ' ) - C ( 6 ' ) - C ( 3 6 ' ) 1 2 1 . 2 ( 2 ) C(l) -C(6) -C(5) 1 1 9 . 2 ( 2 ) 
C { 1 ) - C ( 6 ) - C ( 3 6 ) 1 2 0 . 8 (2) C (5) -C (6)-C(36) 120 0 (2) 
. 0 ( 3 ' ) - C ( l l ' ) - C ( 1 2 ' ) 1 1 6 . 5 ( 2 ) 0 ( 3 ' ) - C ( l l ' ) - C ( 1 6 ' ) 122 7(2) 
C ( 1 2 ' ) - C ( l l ' ) - C ( 1 6 ' ) 1 2 0 . 8 ( 3 ) 0 (3) - C ( 1 1 ) - C ( 1 2 ) 1 1 6 . 7 ( 3 ) 
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0 ( 3 ) - C ( l l ) - C ( 1 6 ) 1 2 2 . 4 ( 2 ) C ( 1 2 ) -C (11) -C (16) 120 9 (3 ) 
C ( 1 3 ' ) - C ( 1 2 ' ) - C ( 1 1 ' ) 1 1 9 . 5 ( 3 ) C ( 1 3 ) - C ( 1 2 ) - C ( l l ) 119 8 ( 3 ) 
C ( 1 2 ' ) - C ( 1 3 ' ) - C ( 1 4 ' ) 1 2 1 . 2 ( 2 ) C {12) -C(13) -C (14) 1 2 0 . 6 ( 3 ) 
C ( 1 3 ' ) - C ( 1 4 ' ) - C ( 1 5 ' ) 1 1 9 . 9 ( 3 ) C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 120 3 (3) 
C ( 1 4 ' ) - C ( 1 5 ' ) - C ( 1 6 ' ) 1 1 9 . 5 ( 3 ) C ( 1 4 ' ) -C (15') -C (26') 119 4 ( 2 ) 
C ( 1 6 ' ) - C { 1 5 ' ) - C ( 2 6 ' ) 1 2 1 . 2 ( 2 ) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 119 4 ( 3 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 2 6 ) 1 1 9 . 8 ( 3 ) C ( 1 6 ) - C ( 1 5 ) - C { 2 6 ) 1 2 0 . 8 ( 2 ) 
C ( l l ' ) - C ( 1 6 ' ) - C ( 1 5 ' ) 1 1 9 . 1 ( 2 ) C ( l l ' ) - C ( 1 6 ' ) - C ( 5 ' ) 120 3 ( 2 ) 
C { 1 5 ' ) - C ( 1 6 ' ) - C ( 5 ' ) 1 2 0 . 5 ( 2 ) C ( 1 1 ) - C ( 1 6 ) - C ( 1 5 ) 1 1 8 . 8 ( 2 ) 
C ( l l ) - C ( 1 6 ) - C ( 5 ) 1 2 0 . 3 ( 2 ) C ( 1 5 ) - C ( 1 S ) - C ( 5 ) 1 2 0 . 8 ( 2 ) 
C ( 2 2 ' ) - C ( 2 1 ' ) - C ( 2 6 ' ) 1 1 8 . 6 ( 3 ) C ( 2 2 ' ) - C ( 2 1 ' ) - C ( 3 5 ' ) 119 5 ( 2 ) 
C ( 2 6 ' ) - C ( 2 1 ' ) - C ( 3 5 ' ) 1 2 1 . 8 ( 2 ) C ( 2 2 ) - C ( 2 1 ) -C (26) 119 1 ( 3 ) 
C ( 2 2 ) - C ( 2 1 ) - C ( 3 5 ) 1 1 9 . 6 ( 2 ) C ( 2 6 ) - C ( 2 1 ) - C ( 3 5 ) 1 2 1 3 ( 2 ) 
C ( 2 3 ' ) - C ( 2 2 ' ) - C { 2 1 ' ) 1 2 1 . 4 ( 3 ) C ( 2 3 ) - C ( 2 2 ) - C ( 2 1 ) 1 2 1 8 ( 3 ) 
C ( 2 4 ' ) - C ( 2 3 ' ) - C ( 2 2 ' ) 1 1 9 . 9 ( 3 ) C ( 2 4 ) - C ( 2 3 ) - C ( 2 2 ) 1 1 9 . 7 (3) 
C ( 2 5 ' ) - C { 2 4 ' ) - C ( 2 3 ' ) 1 1 9 . 6 ( 3 ) C ( 2 3 ) - C ( 2 4 ) - C ( 2 5 ) 119 3 (3 ) 
C ( 2 4 ' ) - C ( 2 5 ' ) - C { 2 6 ' ) 1 2 1 . 4 ( 3 ) C ( 2 4 ) - C ( 2 5 ) - C ( 2 6 ) 1 2 1 . 5 (3) 
C ( 2 5 ' ) - C ( 2 6 ' ) - C ( 2 1 ' ) 1 1 9 . 1 ( 3 ) , C (25') - C ( 2 6 ' ) - C ( 1 5 ' ) 1 1 9 . 7 ( 2 ) 
. C ( 2 1 ' ) - C ( 2 6 ' ) - C ( 1 5 ' ) 1 2 1 . 1 ( 2 ) C ( 2 5 ) - C ( 2 6 ) - C ( 2 1 ) 1 1 8 6 ( 3 ) 
C ( 2 5 ) - C ( 2 6 ) - C ( 1 5 ) 1 1 9 . 7 ( 2 ) C ( 2 1 ) -C ( 2 6 ) - C ( 1 5 ) 1 2 1 . 6 ( 3 ) 
0 ( 4 ' ) - C ( 3 1 ' ) - C ( 3 2 ' ) 1 1 7 . 3 ( 2 ) O ( 4 ' ) - C ( 3 1 ' ) - C ( 3 5 ' ) 1 2 2 . 0 ( 2 ) 
C { 3 2 ' ) - C ( 3 1 ' ) - C ( 3 6 ' ) 1 2 0 . 7 ( 3 ) O ( 4 ) - C ( 3 1 ) - C ( 3 2 ) 1 1 6 . 6 ( 3 ) 
0 ( 4 ) - C ( 3 1 ) - C ( 3 6 ) 1 2 2 . 4 (2) C ( 3 2 ) - C ( 3 1 ) -C ( 36) 1 2 1 . 1 ( 3 ) ‘ 
C ( 3 3 ' ) - C ( 3 2 ' ) - C { 3 1 ' ) 1 1 9 . 6 ( 3 ) C ( 3 3 ) - C ( 3 2 ) - C ( 3 1 ) 1 1 9 . 3 (3) 
C ( 3 2 ' ) - C ( 3 3 ' ) - C ( 3 4 ' ) 1 2 0 . 7 ( 3 ) C (32) - C ( 3 3 ) - C ( 3 4 ) 1 2 1 . 2 ( 3 ) 
C ( 3 5 ' ) - C ( 3 4 ' ) - C ( 3 3 ' ) 1 2 0 . 9 ( 3 ) C ( 3 3 ) - C ( 3 4 ) - C ( 3 5 ) 1 2 0 . 4 (3) 
C ( 3 4 ' ) - C ( 3 5 ' ) - C ( 3 S , ) 1 1 8 . 8 ( 2 ) C ( 3 4 ' ) - C ( 3 5 '〉 _ C ( 2 1 ' ) 1 1 9 . 9 ( 2 ) 
C ( 3 6 ' ) - C ( 3 5 ' ) - C ( 2 1 ' ) 1 2 1 . 3 ( 2 ) C ( 3 4 ) - C ( 3 5 ) - C ( 3 6 ) 1 1 8 . 8 ( 3 ) 
C ( 3 4 ) - C ( 3 5 ) - C ( 2 1 ) 1 1 9 . 5 (3) C ( 3 6 ) - C ( 3 5 ) - C ( 2 1 ) 1 2 1 . 7 (2) 
C ( 3 1 ' ) - C ( 3 6 ' ) - C ( 3 5 ' ) 1 1 9 . 3 ( 2 ) C ( 3 1 ' ) - C ( 3 6 ' ) - C ( 6 ' ) 1 2 0 . 2 ( 2 ) . 
• C ( 3 5 ' ) - C ( 3 6 ' ) - C ( 6 ' ) 1 2 0 . 5 ( 2 ) . C ( 3 1 ) - C ( 3 6 ) - C ( 3 5 ) 1 1 9 . 3 ( 2 ) 
C ( 3 1 ) - C { 3 6 ) - C ( 6 ) 1 1 9 . 9 ( 2 ) C ( 3 5 ) - C { 3 6 ) -C ( 6) 12 0 . 8 ( 2 ) 
0 ( 5 ) - C ( 4 2 ) - C (43) 1 2 0 . 3 (4) 0 ( 5 ) - C ( 4 2 ) - C ( 4 1 ) 1 2 0 . 4 (4) 
C ( 4 3 ) - C ( 4 2 ) - C ( 4 1 ) 1 1 9 . 3 ( 4 ) 0 ( 5 ' ) - C ( 4 2 ' ) - C ( 4 1 ' ) 1 2 2 . 6 ( 5 ) 
0 ( 5 ' ) - C ( 4 2 ' ) - C ( 4 3 ' ) 1 2 2 . 5 ( 5 ) C ( 4 1 ' ) - C ( 4 2 ' ) _ C ( 4 3 ' ) 1 1 4 . 9 ( 4 ) 
0 ( 6 ) - C ( 4 5 ) - C { 4 4 ) 1 2 2 . 4 ( 4 ) 0 ( 6 ) - C ( 4 5 ) - C ( 4 6 ) 120.6(3) 
C ( 4 4 ) - C ( 4 5 ) - C ( 4 6 ) 1 1 7 . 0 ( 4 ) 0 ( 6 ' ) - C ( 4 5 ' ) - C ( 4 6 ' ) 1 2 1 . 7 ( 4 ) 
0 ( 6 ' ) - C ( 4 5 ' ) - C ( 4 4 ' ) 1 1 9 . 6 ( 4 ) C ( 4 6 ' ) - C ( 4 5 ' ) - C ( 4 4 ' ) 1 1 8 . 7 ( 4 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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• . 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A^ x 10^] f o r P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t takes the form： 
-27r [ (ha ) U ^ ^ + ... + 2 h k a * b * U ^ 2 ] 
磁 U 2 2 U33 U2 3 U13 U 1 2 
O ( l ' ) . 5 0 ( 1 ) 1 1 8 ( 2 ) 58(1) 7(1) 23(1) 7 ( 1 ) 
0 ( 1 ) 4 3 ( 1 ) 1 2 4 ( 2 ) 58(1) -10(1) 7(1) -3(1) 
0 ( 2 ' ) 4 2 ( 1 ) 1 2 6 ( 2 ) 60(1) 0(1) 6(1) 3 ( 1 ) 
0 ( 2 ) 4 8 ( 1 ) 1 4 6 ( 2 ) 61(1) 2(1) 23(1) 5 ( 1 ) 
0 ( 3 ' ) 8 1 ( 1 ) 66(1) 85(1) 4(1) 34(1) 1 3 ( 1 ) 
. 0 ( 3 ) . 7 3 ( 1 ) 7 7 ( 1 ) 96(2) -7(1) 14(1) 1 7 ( 1 ) 
0 ( 4 ' ) 6 6 ( 1 ) 7 8 ( 1 ) 84(1) 3(1) 5(1) - 2 1 ( 1 ) 
0 ( 4 ) 9 1 ( 2 ) 80(2) 95(2) -10(1) 43(1) - 2 3 ( 1 ) 
0 < 5 ) 9 6 ( 2 ) 90(2) 91(2) 12(1) 26(1) 8(1) 
0 ( 5 ' ) 1 3 3 ( 3 ) 2 2 3 ( 4 ) 93(2) 2(2) -1(2) 90(3) 
0 ( 6 ' ) 9 4 ( 2 ) 7 3 ( 1 ) 77(1) 1(1) 20(1) - 6 ( 1 ) 
0 ( 6 ) 1 0 7 ( 2 ) 1 2 6 ( 2 ) 92(2) 23(2) 4 1 ( 2 ) -6(2) 
C < 1 ' ) 4 4 ( 1 ) 64(2) 50(1) 0(1) 14(1) _ 1 ⑴ 
C ⑴ 4 1 ( 1 ) 7 6 ( 2 ) 55(1) -4(1) 13(1) -4(1) 
C ( 2 ' ) 5 6 ( 2 ) 7 7 ( 2 ) 4 6 ( 1 ) 1(1) 15(1) -4(1) 
C ( 2 ) 5 4 ( 2 ) 1 0 0 ( 2 ) 4 7 ( 1 ) -5(1) 9(1) 一5(2) 
C ( 3 ' ) 5 5 ( 2 ) 79 (2) 43(1) 2 (1) 3 (1) 2 (1). 
C ( 3〉 5 8 ( 2 ) 1 0 4 ( 2 ) 48(1) -3(1) 18(1) - 1 ( 2 ) 
• 40 (1) 68 (2) 54 (1) 0 (1) 7 (1) _4(1) 
C ⑷ 4 7 ( 1 ) 81(2) 54(1) -2(1) 18(1) 0(1) 
C ( 5 ' ) 4 2 ( 1 ) 5 3 ( 1 ) 45(1) 1(1) 10(1) -2(1) 
C ( 5〉 4 5 ( 1 ) 6 2 ( 2 ) 50(1) -1(1) 13(1) 1(1) 
C ( 6 ' ) 4 6 ( 1 ) 5 1 ( 1 ) 4 4 ( 1 ) 0(1) 10(1) -1(1) 
C ( 6 ) 4 3 ( 1 ) 5 9 ( 1 ) 4 7 ( 1 ) -2(1) 12(1) - 2 ( 1 ) 
C ( l l ' ) 4 7 ( 1 ) 6 7 ( 2 ) 5 5 ( 1 ) 0(1) 10(1) 5(1) 
C ( l l ) 52 (1) 74 (2) 60(2) 2(1) 18(1) 9(1) 
C ( 1 2 ' ) 5 6 ( 2 ) 8 4 ( 2 ) 5 8 ( 1 ) -9(1) 19(1) 1 2 ( 1 ) 
C ( 1 2 ) 5 5 ( 2 ) 97 (2) 64 (2) 13 (2) 16 (1) 21 (2) 
C ( 1 3 ' ) 5 6 ( 2 ) 1 0 1 ( 2 ) 56(1) 3(2) 21(1) 6(2) 
C ( 1 3 ) 5 0 ( 2 ) 1 1 5 ( 3 ) 58(2) 6(2) 8(1) 9(2) 
C ( 1 4 ' ) 5 5 ( 2 ) 83(2) 57(1) 10(1) 20(1) 2(1) 
C ( 1 4 ) 5 2 ( 2 ) 9 9 ( 2 ) 60(2) -8(2) 9(1) - 2 ( 2 ) 
C ( 1 5 ' ) 42 (1) 68 (2) 51(1) 3 (1) 11 (1) 0 (1) 
C ( 1 5 ) 4 4 ( 1 ) 7 5 ( 2 ) 53(1) -2(1) 13(1) 2 ( 1 ) 
C ( 1 6 ' ) 4 0 ( 1 ) 6 3 ( 2 ) 4 6 ( 1 ) -2(1) 10(1) -1(1〉. 
C ( 1 6 ) 4 1 ( 1 ) 7 0 ( 2 ) 50(1) 2(1) 13(1) 3(1) 
C ( 2 1 ' ) . 57 (1) 59 (2) 46(1) 7(1) 14(1) 5(1) 
C ( 2 1 ) 5 0 ( 1 ) 6 8 ( 2 ) 5 6 ( 1 ) -11(1) 10(1) -1(1) 
C ( 2 2 ' ) 7 3 ( 2 ) 6 6 ( 2 ) 59(2) 4(1) 18(1) 1 1 ( 2 ) 
C(22) 65 (2) 70 (2) 82(2) -11(2). 15 (1) 7 (2) 
C ( 2 3 ' ) 1 0 7 ( 3 ) 6 0 ( 2 ) 67(2) 0(1) 29(2) 5 ( 2 ) 
C ( 2 3 ) 8 5 ( 2 ) 6 7 ( 2 ) 1 0 2 ( 2 ) -8(2) 12(2) 5(2) 
C ( 2 4 ' ) 1 0 0 ( 3 ) 6 8 ( 2 ) 7 0 ( 2 ) -3(1) 24(2) - 1 9 ( 2 ) 
C ( 2 4 ) 8 7 ( 2 ) 7 0 ( 2 ) 99(2) -1(2) 1 8 ( 2 ) - 1 2 ( 2 ) 
C ( 2 5 ' ) 6 8 ( 2 ) 6 9 ( 2 ) 67(2) 1(1) 1 9 ⑴ - 1 4 ( 2 ) 
C ( 2 5 ) 5 9 ( 2 ) 7 9 ( 2 ) 83(2) -6(2) 1 5 ( 1 ) - 1 2 ( 2 ) 
C ( 2 S ' ) 5 5 ( 1 ) 62(2) 4 9 ( 1 ) 5(1) 15(1) _2(1) 
C ( 2 S ) 4 8 ( 1 ) 68(2) 5 9 ( 1 ) - 1 1 ( 1 ) io(l) - 5 ( 1 ) 
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C ( 3 1 ' ) 4 8 ( 1 ) 6 9 ( 2 ) 56(1) -2(1) i i ( i ) _ 7 ( i ) 
C ( 3 1 ) 5 1 ( 1 ) 7 4 ( 2 ) 58(1) 3(1) 1 9 ( 1 ) _ 3 ( i ) 
⑴ 4 8 ( 1 ) 9 1 ( 2 ) 62(2) - 1 3 ( 2 ) 2(1) - 6 ( 2 ) 
6 0 ( 2 ) 9 9 ( 2 ) 63(2) 1 1 ( 2 ) 2 4 ( 1 ) - 5 ( 2 ) 
5 8 ( 2 ) 9 9 ( 2 ) 56(2) 0(2) - 6 ( 1 ) 7 ( 2 ) 
C ( 3 3 ) 6 3 ( 2 ) 1 2 2 ( 3 ) 51(1) 0(2) 2 4 ( 1 ) 0 ( 2 ) 
C ( 3 4 ' ) 6 4 ( 2 ) 8 3 ( 2 ) 56(1) 1 0 ( 1 ) 6(1) 1 0 ( 2 ) 
C ( 3 4 ) 5 5 ( 2 ) 1 0 0 ( 2 ) 5 5 ( 1 ) - 1 7 ( 1 ) 1 5 ( 1 ) 2 ( 2 ) 
C ( 3 5 ' ) 4 6 ( 1 ) 6 5 ( 2 ) 4 8 ( 1 ) 2(1) 1 1 ( 1 ) 5 ( 1 ) 
C ( 3 5 ) 4 1 ( 1 ) 7 5 ( 2 ) 52(1) -6(1) l i ( i ) 2 ( 1 ) 
3 9 ( 1 ) 6 3 ( 2 ) 4 6 ( 1 ) -3(1) 9(1) 0 ( 1 ) 
C ( 3 6 ) 4 0 ( 1 ) 6 8 ( 2 ) 4 8 ( 1 ) -1(1) 1 2 ( 1 ) 2 ( 1〉 
C ( 4 1 ) 1 2 8 ( 4 ) 1 4 5 ( 5 ) 1 3 8 ( 4 ) 2 0 ( 3 ) _4(3) 2 9 ( 3 ) 
C ( 4 1 ' ) 1 1 1 (4) 1 7 1 (6) 179 (5) 24 (4) 9 (4) -28 (4) 
C ( 4 2 ) 1 0 6 ( 3 ) 7 6 ( 2 ) 87(2) 9(2) 2 0 ( 2 ) - 1 ( 2 ) 
C(42'). 1 0 0 (3) 1 0 5 (3) 71 (2) -10 (2) - 1 ( 2 ) 29 (2) 
1 2 4 ( 4 ) 1 3 7 ( 4 ) 1 1 2 ( 3 ) - 1 0 ( 3 ) 2 3 ( 3 ) 1 0 ( 3 ) 
c:(43) 1 7 6 ( 5 ) 126 (4) 1 2 3 ( 4 ) 20 (3) 67 (4) -25 (4) 
C ( 4 4 ) 1 5 8 ( 4 ) 1 1 2 ( 3 ) 90(3) 2 2 ( 2 ) - 2 6 ( 3 ) - 1 6 ( 3 ) . 
C ( 4 4 ' ) 1 9 9 ( 6 ) 1 4 4 ( 5 ) 1 2 9 ( 4 ) - 1 1 ( 3 ) 8 6 ( 4 ) - 6 7 ( 4 ) 
C ( 4 5 ) 98 (2) 68 (2) 6 4 ( 2 ) 0(1) 2 8 ( 2 ) 1 ( 2 ) 
C ( 4 5 ' ) 1 3 1 ( 3 ) 6 0 ( 2 ) 7 6 ( 2 ) -7(2) 2 7 ( 2 ) - 8 ( 2 ) 
C ( 4 6 ) 119(4) 1 3 6 ( 4 ) 1 3 5 ( 4 ) 2 6 ( 3 ) 6 6 ( 3 ) 3 0 ( 3 ) 
C ( 4 S ' ) 194 (6) 104 (3) 1 0 1 (3) 1 (2) -9 (3) 40 (3) 
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T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10^) a n d i s o t r o p i c 
, 2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r P . 
X y z U ( e q ) 
H ( l ' A ) 4 8 3 6 5 5 0 8 2 2 3 8 110 
H ( 1 A ) 4 1 5 4 8 3 2 7 2 8 114 
H ( 2 ' A ) 9 5 2 5 5 2 8 2 2 3 1 8 115 
H ( 2 A ) 4 6 3 9 5 4 5 9 2 6 3 2 125 
H ( 3 ' A ) 7 7 2 9 3 7 9 8 1 2 6 1 112 
H ( 3 A ) 3 8 8 0 3 9 1 8 3 6 2 6 124 
H ( 4 ' A ) 5 4 3 2 4 0 4 7 1207 116 
H ( 4 A ) 1 5 7 9 4 0 4 8 3 6 7 0 128 
H ( 2 ' B ) 6 4 0 2 5 2 4 4 2 7 0 4 7 1 
H ( 2 B ) 1 1 7 8 5 5 1 3 2 2 4 9 81 
H ( 3 ' B ) 8 1 8 4 5 0 7 1 2 7 5 4 72 
H ( 3 B ) 2 9 2 0 5 4 2 4 2 2 0 1 83 
H ( 1 2 A ) 8 9 7 3 4 1 3 5 362 78 
• H ( 1 2 B ) 6 0 0 8 416 6 4 5 1 2 86 
H ( 1 3 A ) 9 0 7 6 5 4 7 1 _39 83 
H ( 1 3 B ) 6 4 8 7 5 4 3 8 4 9 7 4 90 
H ( 1 4 A ) 8 4 2 5 6 7 6 2 239 77 
H ( 1 4 B ) 5 5 2 0 6736 4 7 8 1 85 
H ( 2 2 A ) 5 3 2 0 8 0 4 8 1 0 8 1 79 
H ( 2 2 B ) 1 5 6 4 7 9 9 8 4 0 6 1 87 
H ( 2 3 A ) 6 4 7 1 9 2 0 8 1 3 6 2 92 
H U 3 B ) 2 3 8 4 9247 3834 103 
H ( 2 4 A ) 8 2 6 6 9 0 2 8 1414 94 _ 
H ( 2 4 B ) 4 1 1 5 9 1 5 9 3 7 4 3 103 ‘ 
H ( 2 5 A ) 8 8 9 7 7 6 9 0 1 1 8 4 81 
H ( 2 5 B ) 5 0 2 6 7 8 2 3 3 9 0 6 89 
H ( 3 2 A ) 3 6 0 3 4 7 2 1 2 4 8 82 
H ( 3 2 B ) 769 4 4 6 8 4 6 8 4 87 
H ( 3 3 A ) 3 6 1 2 6 0 5 6 - 1 6 0 88 
H ( 3 3 B ) 1 2 0 6 5 6 9 4 5 1 9 1 93 
H ( 3 4 A ) 4 8 8 1 7 1 1 8 145 82 
H ( 3 4 B ) 2 0 9 5 6874 . 4 9 4 1 84 
H ( 4 1 A ) 4 4 4 3 - 1 8 5 0 2 1 5 5 213 
H ( 4 1 B ) 4 1 7 3 - 2 6 3 5 2 4 8 6 213 
H ( 4 1 C ) 4 3 2 2 -1666 2 7 0 7 213 
H ( 4 1 D ) 1 2 6 0 5953 1 3 5 9 236 
H ( 4 1 E ) 8 5 8 6 1 8 4 7 8 5 236 
H ( 4 1 F ) 907 6 9 2 9 1 1 9 5 236 
H { 4 3 A ) 3 1 5 0 7 4 0 6 686 187 
H ( 4 3 B ) 2 1 0 6 7 8 5 6 764 187 
H ( 4 3 C ) 2 0 5 3 7 1 0 6 357 187 
H ( 4 3 D ) 1 4 6 4 - 1 9 0 7 2 3 6 1 204 
H ( 4 3 E ) 2 3 5 1 - 1 7 1 0 2 8 4 4 204 
H ( 4 3 F ) 2 2 1 5 -2676 2 5 1 7 204 
H { 4 4 A ) 5 2 5 7 1 9 1 5 707 192 
H ( 4 4 B ) 6 1 4 6 1 6 9 5 4 1 6 192 
H ( 4 4 C ) 6 2 6 2 2 5 2 5 7 7 6 192 
H ( 4 4 D ) 5 1 3 7 3 1 2 5 2 0 3 3 224 
H ( 4 4 E ) 5 7 8 1 3 2 1 3 2 5 9 2 224 
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H ( 4 4 F ) 5 6 1 8 2 2 7 3 2 3 3 3 224 
H ( 4 6 A ) 7 9 7 7 918 1 5 1 6 187 
H ( 4 6 B ) 8 0 2 2 1 8 8 3 .1299 187 
H ( 4 6 0 7 9 0 3 1057 937 187 
H ( 4 6 D ) 8 2 8 7 2 8 3 8 2 2 5 3 209 
H ( 4 6 E ) 7 6 8 6 2 0 9 1 2 4 8 2 209 
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T a b l e 1 . C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for P . 
I d e n t i f i c a t i o n c o d e y a n g S 
< E m p i r i c a l f o r m u l a C H F 0 S 
^ 32 20 12 8 4 _ _ 
F o r m u l a w e i g h t 8 8 8 . 7 2 \ / 
T e m p e r a t u r e 2 9 3 ( 2 ) K | | 
W a v e l e n g t h 0 . 7 1 0 7 3 A _ 
C r y s t a l s y s t e m T R I C L I N I C 
_ 106 
S p a c e g r o u p P I 
U n i t c e l l d i m e n s i o n s a = 1 0 . 4 3 5 6 ( 1 1 ) A a l p h a = 7 9 . 7 8 6 (2) ° 
b = 1 1 . 6 4 5 2 ( 1 3 ) A b e t a = 7 4 . 1 0 2 ( 2 )° 
c = 1 6 . 0 9 6 3 ( 1 7 ) A g a m m a = 6 6 . 8 4 0 ( 2 )° 
V o l u m e , Z 1724 .3 (3) A ^ , 2 
D e n s i t y ( c a l c u l a t e d ) 1.712 M g / m ^ 
A b s o r p t i o n c o e f f i c i e n t 0 .393 nun 
F (000) 896 
C r y s t a l s i z e 0.40 x 0.30 x 0.20 m m 
o 
e r a n g e f o r d a t a c o l l e c t i o n 1 . 9 1 to 2 5 . 0 0 
L i m i t i n g i n d i c e s -12 < h s 1 2 , -13 s k < 1 0 , -17 < i < 19 
R e f l e c t i o n s c o l l e c t e d 9343 
I n d e p e n d e n t r e f l e c t i o n s 6035 (R. = 0 . 0 2 2 4 ) 
i n t 
C o m p l e t e n e s s to 6 = 2 5 . 0 0° 99.3 % 
A b s o r p t i o n c o r r e c t i o n S A D A B S 
M a x . a n d m i n . t r a n s m i s s i o n 1 . 0 0 0 0 a n d 0 . 4 2 3 3 0 6 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 603 5 / 0 / 514 
2 
G o o d n e s s - o f - f i t o n F 1 . 0 3 4 
F i n a l R i n d i c e s [I>2o"(I)] R l = 0 . 0 9 4 7 , w R 2 = 0 . 2833 
R i n d i c e s (all d a t a ) R l = 0 . 1 1 4 6 , w R 2 = 0 . 3 1 0 9 
L a r g e s t d i f f . p e a k a n d h o l e 1 . 2 5 4 a n d - 0 . 7 3 2 e A ^ 
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T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 1 0 ^ a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s [A^ x 10^] for P . u ( e q ) is d e f i n e d as 
o n e t h i r d of t h e t r a c e of t h e o r t h o g o n a l i z e d U t e n s o r 
ij • 
X y z U ( e q ) 
S ⑴ 4 0 0 5 ( 2 ) 7 9 8 0 ( 2 ) 1 1 0 1 ( 1 ) 5 7 ( 1 ) 
S ⑵ 7 0 1 ( 2 ) 1 1 8 9 6 ( 2 ) 2 8 1 5 ( 1 ) 6 3 ( 1 ) 
- 4 4 2 9 ( 6 ) 1 2 0 7 1 ( 6 ) 3 0 0 5 ( 3 ) 5 2 ( 1 ) 
- 4 6 9 6 ( 8 ) 1 1 8 0 9 ( 8 ) 2 8 0 0 ( 7 ) 1 1 6 ( 3 ) 
S ( 4 ) 813 (2) (5208 (2) 1 0 0 5 (1) 6 3 ( 1 ) 
C ( l ) 2 3 5 4 ( 6 ) 7 6 2 6 ( 5 ) 2 6 2 0 ( 3 ) 4 4 ( 1 ) 
C ( 2 ) 3 3 2 5 ( 7 ) 6 8 3 6 ( 6 ) 3 0 8 6 ( 4 ) 6 0 ( 2 ) 
C ( 3 ) 2 8 4 0 (8) 6 0 9 8 (7) 3 7 8 4 (5) 72 (2) 
C ⑷ 1 4 5 5 ( 8 ) 6 1 9 5 ( 6 ) 3 9 9 5 ( 4 ) 6 4 ( 2 ) 
C ( 5 ) 4 6 2 (6) 7 0 2 8 (5) 3 5 3 4 ( 3 ) 48 (1) 
C ( 6 ) 9 2 3 ( 6 ) 7 7 6 8 ( 5 ) 2 8 1 7 ( 3 ) 4 2 ( 1 ) 
C ( 7 ) 2 7 6 3 ( 4 ) 8 4 3 7 ( 4 ) 1 9 1 6 ( 3 ) 2 7 ( 1 ) 
C ( 8 ) 5 2 5 3 ( 9 ) 8 6 4 8 ( 1 0 ) 1 2 5 5 ( 6 ) 8 6 ( 2 ) 
C ( l l ) - 1 2 5 5 ( 6 ) 1 1 0 5 5 ( 5 ) 3 7 4 1 ( 4 ) 5 0 ( 1 ) 
C ( 1 2 ) - 1 4 1 4 (6) 1 0 0 1 8 (5) 3 5 4 9 (3) 43 (1) 
. C ( 1 3 ) - 1 9 3 1 ( 6 ) 9 2 7 1 ( 5 ) 4 2 4 5 ( 3 ) 4 5 ( 1 ) 
C ( 1 4 ) - 2 2 6 2 (7) 9 6 4 5 (6) 5 0 7 8 (4) 57 (2) 
C ( 1 5 ) - 2 0 7 5 (8) 1 0 6 8 0 (7) 5 2 3 4 ( 4 ) 6 5 ( 2 ) 
C ( 1 6 ) - 1 5 5 3 ( 8 ) 1 1 4 1 0 ( 7 ) 4 5 5 5 ( 4 ) 6 4 ( 2 ) 
C ( 1 7 ) - 8 2 8 ( 5 ) 1 1 8 5 9 ( 4 ) 3 0 2 3 ( 3 ) 3 4 ( 1 ) 
C ( 1 8 ) 8 0 0 ( 1 1 ) 1 2 3 7 6 ( 8 ) 1 6 5 9 ( 5 ) 8 0 ( 2 ) 
C ( 2 1 ) - 2 1 7 6 (6) 8164 (5) 4 0 9 9 (3) 48 (1) 
C ( 2 2 ) - 1 0 3 8 (6) 7 0 8 6 (5) 3773 (3) 5 0 ( 1 ) 
C ( 2 3 ) - 1 3 3 4 (8) 6052 (6) 3 6 9 5 (4) 67 (2) 
C ( 2 4 ) - 2 7 1 2 ( 9 ) 6 0 5 3 ( 8 ) 3 9 2 7 ( 5 ) 7 5 ( 2 ) 
C ( 2 5 ) - 3 8 1 9 (9) 7 0 9 6 (9) 4 2 6 0 (5) 77 (2) 
C ( 2 6 ) - 3 5 8 2 ( 7 ) 8 1 4 7 ( 7 ) 4 3 3 9 ( 4 ) 62 (2) 
C ( 3 1 ) - 1 1 7 2 ( 5 ) 9 7 5 0 ( 5 ) 2 6 3 4 ( 3 ) 4 0 ( 1 ) 
C ( 3 2 ) -75 (5) 8647 (5) 2 2 9 6 (3) 38 (1) 
C ( 3 3 ) 2 1 ( 6 ) 8 4 5 6 ( 5 ) 1 4 4 5 ( 3 ) 4 2 ( 1 ) 
C ( 3 4 ) - 8 5 3 (6) 9 2 6 5 (6) 9 3 1 (3) 48 (1) 
C ( 3 5 ) - 1 8 9 9 (6) 1 0 3 4 6 ( 6 ) 1 2 5 7 (4) 4 9 ( 1 ) 
C ( 3 6 ) - 2 0 2 3 (6) 1 0 5 5 3 (5) 2 0 8 6 (3) 44 (1) 
C(37) -3002(5) 11731(4) 2389(3) 32(1) 
C ( 3 8 ) - 5 5 0 7 ( 1 0 ) 1 3 1 2 5 ( 1 1 ) 2 2 5 4 ( 9 ) 1 1 1 ( 4 ) 
C(39) 1157(4) 7384(4) 1091(3) 26(1) 
C(40) 2314(8) 5587(7) 112(5) 70(2) 
0 ( 1 ) 4 6 6 1 (6) 6 6 8 2 (5) 1 1 6 1 (4) 87 (2) 
0 (2) 3 5 1 6 (7) 8663 (7) 3 7 1 (3) 93 (2) 
0 ( 3 ) 1 7 1 3 ( 6 ) 1 0 6 8 7 (6) 2 8 9 4 (3) 83 (2) 
0 ( 4 ) 6 9 2 (9) 1 2 8 8 2 (6) 3 2 0 9 (4) 105 (2) 
0 ( 5 ) - 4 8 1 5 (8) 1 0 9 1 7 (7) 3 1 9 2 ( 7 ) 1 4 3 ( 4 ) 
0 ( 6 ) - 4 6 4 8 (9) 1 2 8 6 1 ( 1 1 ) 3 6 3 5 (5) 155 (4) 
0 (7) 1 0 2 5 (11) 5 3 6 5 (6) 1 7 3 0 ( 3 ) 130 (3) 
0(8) -439 (6) 6596 (6) 699 (6) 109 (2) 
F ( l ) 4 6 2 0 (8) 9 8 7 6 (6) 1 2 6 0 (5) 127 (2) 
F ( 2 ) 6 3 5 8 ( 6 ) 8 3 7 3 ( 7 ) 6 1 2 ( 5 ) 1 3 0 ( 2 ) 
F ( 3 ) 5 6 3 9 ( 8 ) 8 1 7 7 ( 9 ) 1 9 7 3 ( 5 ) 1 4 6 ( 3 ) 
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F ( 4 ) - 2 2 5 ( 7 ) 1 3 4 2 6 ( 6 ) 1 5 5 3 ( 4 ) 1 1 5 ( 2 ) 
F ( 5 ) 2 0 1 3 ( 7 ) 1 2 5 0 7 ( 6 ) 1 3 1 4 ( 3 ) 1 1 1 ( 2 ) 
F ( 6 ) 695 (8) 1 1 5 0 0 (6) 1 2 8 5 ( 3 ) 110 (2) 
F ( 7 ) - 6 8 6 3 (7) 1 3 5 2 2 (8) 2 7 4 5 ( 8 ) 2 0 6 (5) 
F ( 8 ) - 5 1 4 2 ( 7 ) 1 4 0 6 6 ( 5 ) 2 0 4 8 ( 5 ) 1 3 5 ( 2 ) 
F ( 9 ) - 5 3 4 0 (9) 1 2 4 5 1 (10) 1 6 1 1 (6) 1 8 5 ( 4 ) 
F ( 1 0 ) 2 3 3 6 (8) 6455 (6) - 5 2 0 (3) 1 2 6 (2) 
F ( l l ) 3503 (6) . 5230 (7) 3 4 1 ( 5 ) 1 3 2 (3) 
F.(12) 2 1 7 4 (6) 4 6 6 4 (5) -148 (4) 114 (2) 
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T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [°] for P . 
. S ( l ) - 0 ( 1 ) 1 . 3 9 1 ( 6 ) S ( l ) - 0 ( 2 ) 1 . 3 9 8 ( 6 ) 
S ( l ) - C ( 7 ) 1 . 5 6 7 ( 4 ) S ( l ) - C ( 8 ) 1 . 8 4 5 ( 8 ) 
S (2) - 0 (3) 1 . 3 9 8 (6) S ( 2 ) - 0 ( 4 ) 1 . 4 0 3 ( 5 ) 
S ( 2 ) - C ( 1 7 ) 1 . 5 5 4 ( 5 ) S ( 2 ) - C ( 1 8 ) 1 . 8 3 2 ( 8 ) 
S ( 3 ) - 0 ( 6 ) 1 . 4 0 2 ( 1 0 ) S ( 3 ) - C ( 3 7 ) 1 . 4 9 2 ( 7 ) 
S ( 3 ) -0 (5) 1 . 5 0 8 (9) S (3)-C(38) 1 . 8 3 4 (13) 
S ( 3 ' ) - 0 ( 5 ) 1 . 1 4 8 ( 1 0 ) S ( 3 ' ) - C ( 3 8 ) 1 . 657 (15) 
S (3' ) - C { 3 7 ) 1 . 6 8 1 (9) S ( 3 ' ) - 0 ( 6 ) 1 . 9 9 4 ( 1 4 ) 
S ( 3 ' ) - F ( 9 ) 2 . 1 1 6 ( 1 4 ) S ( 4 ) - 0 ( 7 ) 1 . 393 (7) 
S ⑷ - 0 ( 8 ) 1 . 4 0 1 ( 6 ) S ( 4 ) - C { 3 9 ) 1 . 5 8 3 ( 4 ) " 
S (4) - C ( 4 0 ) 1 . 8 1 2 ( 7 ) C ( l ) - C ( 2 ) 1 . 3 6 9 ( 8 ) 
C ( l ) - C ( 6 ) 1 . 3 8 7 ( 8 ) C ( l ) - C ( 7 ) 1 . 4 2 5 ( 7 ) 
C ( 2 ) - C ( 3 ) 1 . 3 9 5 (10) C ( 3 ) - C ( 4 ) 1 . 3 5 4 (10) 
C ⑷ - C ( 5 ) 1 . 3 9 3 ( 9 ) C ( 5 ) - C ( 6 ) 1 . 4 0 6 ( 8 ) 
C ( 5 ) - C ( 2 2 ) 1 . 4 8 2 (9) C ( 6 ) - C ( 3 2 ) 1 . 4 7 3 (7) 
C ( 8 ) - F { 3 ) 1 . 2 8 6 (10) C ( 8 ) - F ( 2 ) 1 . 2 9 5 (11) 
C ( 8 ) - F ( 1 ) 1 . 3 1 9 ( 1 1 ) C ( l l ) - C ( 1 6 ) 1 . 3 6 2 ( 9 ) 
C ( l l ) - C ( 1 2 ) 1 . 3 8 0 ( 8 ) C ( l l ) - C ( 1 7 ) 1 . 4 3 9 ( 7 ) 
C ( 1 2 ) - C ( 1 3 ) 1 . 4 1 3 ( 8 ) C ( 1 2 ) - C ( 3 l ) 1 . 4 9 3 (7) 
C ( 1 3 ) - C ( 1 4 ) 1 . 3 9 3 ( 8 ) C ( 1 3 ) - C ( 2 1 ) 1 . 4 7 6 ( 8 ) 
C ( 1 4 ) - C ( 1 5 ) 1 . 3 6 9 (10) C ( 1 5 ) - C ( 1 6 ) 1 . 3 8 7 ( 1 0 ) 
C ( 1 8 ) - F ( 4 ) 1 . 2 9 0 ( 1 1 ) C ( 1 8 ) - F ( 5 ) 1 . 2 9 3 ( 1 0 ) 
C ( 1 8 ) - F ( 6 ) 1 . 3 2 5 (9) C ( 2 1 ) - C ( 2 2 ) 1 . 4 0 8 (8) 
C ( 2 1 ) - C ( 2 6 ) 1 . 4 1 9 ( 9 ) C ( 2 2 ) - C ( 2 3 ) 1 . 3 8 9 ( 9 ) 
C ( 2 3 ) - C ( 2 4 ) 1 . 383 (11 ) C { 2 4 ) - C ( 2 5 ) 1 . 373 (12 ) 
. C ( 2 5 ) - C ( 2 6 ) 1 . 3 7 3 (11) C ( 3 1 ) - C { 3 6 ) 1 . 3 8 6 (7) 
C ( 3 1 ) - C ( 3 2 ) 1 . 4 1 7 ( 7 ) C ( 3 2 ) - C ( 3 3 ) 1 . 3 9 7 ( 7 ) 
C ( 3 3 ) _ C ( 3 4 ) 1 . 3 6 5 ( 8 ) C ( 3 3 ) - C ( 3 9 ) 1 . 4 1 7 ( 7 ) 
C ( 3 4 ) - C ( 3 5 ) 1 . 3 7 5 (8) C { 3 5 ) - C ( 3 6 ) 1 . 3 6 1 (8) 
C ( 3 6 ) - C ( 3 7 ) 1 . 4 2 3 (7) C ( 3 8 ) " F ( 8 ) 1 . 2 5 9 (13) 
C ( 3 8 ) - F { 9 ) 1 . 3 4 2 ( 1 4 ) C ( 3 8 ) - F ( 7 ) 1 . 357 (13) 
C ( 4 0 ) - F ( l l ) 1 . 2 8 0 (9) C ( 4 0 ) - F ( 1 2 ) 1 . 2 9 2 (8) 
C ( 4 0 ) - F ( I O ) 1 . 3 0 3 (10) 
0 ( 1 ) - S (1) - 0 ( 2 ) 1 2 2 . 7 ( 4 ) 0 ( 1 ) - S ( l ) -C(7) 1 1 1 . 0 ( 3 ) 
0 ( 2 ) -S (1) - C ( 7 ) 1 0 7 . 6 ( 3 ) 0 ( 1 ) - S ( 1 ) -C (8) 1 0 8 . 1 ( 4 ) 
0 ( 2 ) - S (1) - C ( 8 ) 1 0 5 . 0 ( 4 ) C { 7 ) - S ( l ) - C ( 8 ) 9 9 . 8 (4) 
0 ( 3 ) - S (2) - 0 ( 4 ) 1 2 1 . 1 ( 4 ) 0 ( 3 ) - S ( 2 ) - C ( 1 7 ) 1 1 0 . 4 ( 3 ) 
O (4) - S (2) - C ( 1 7 ) 1 1 0 . 3 ( 4 ) 0 ( 3 ) - S ( 2 ) - C ( 1 8 ) 1 0 8 . 1 ( 4 ) 
0 ( 4 ) - S (2) - C ( 1 8 ) 1 0 7 . 9 ( 4 ) C ( 1 7 ) - S ( 2 ) - C ( 1 8 ) 9 6 . 0 ( 3 ) 
0 ( 6 ) - S ( 3 ) - C ( 3 7 ) 1 1 5 . 2 ( 6 ) 0 ( 6 ) - S ( 3 ) - 0 ( 5 ) 1 2 4 . 2 ( 7 ) 
C ( 3 7 ) - S ( 3 ) - 0 ( 5 ) 1 0 6 . 6 ( 5 ) 0 ( 6 ) -S(3) - C ( 3 8 ) 1 0 2 . 8 (6) 
C ( 3 7 ) - S ( 3 ) - C ( 3 8 ) 9 8 . 1 ( 5 ) 0 ( 5 ) - S ( 3 ) - C ( 3 8 ) 106 .1 (6) 
0 ( 5 ) - S ( 3 ' ) - C ( 3 8 ) 1 4 4 . 7 ( 9 ) 0 ( 5 ) - S ( 3 ' ) - C ( 3 7 ) 1 1 5 . 1 ( 7 ) 
C ( 3 8 ) _ S ( 3 ' ) - C ( 3 7 ) 9 8 . 2 ( 6 ) 0 ( 5 ) - S ( 3 ' ) - 0 ( 6 ) 1 0 6 . 8 ( 1 1 ) 
C ( 3 8 ) - S (3') - 0 ( 6 ) 8 7 . 8 ( 7 ) C ( 3 7 ) - S ( 3 ' ) - 0 ( 6 ) 8 2 . 9 ( 5 ) 
0 ( 5 ) - S (3' ) - F ( 9 ) 1 2 1 . 7 ( 1 0 ) C ( 3 8 ) - S ( 3 ' ) - F ( 9 ) 3 9 . 4 ( 6 ) 
C ( 3 7 ) - S (3') - F ( 9 ) 9 5 . 0 ( 6 ) 0 ( 6 ) - S ( 3 ' ) - F ( 9 ) 1 2 6 . 5 ( 6 ) 
0 ( 7 ) - S (4) - 0 ( 8 ) 1 2 2 . 0 ( 5 ) 0 ( 7 ) -S (4) - C ( 3 9 ) 1 0 9 . 6 (4) 
0 ( 8 ) - S ( 4 ) - C { 3 9 ) 1 1 0 . 2 ⑶ 0 (7)-S(4) - C { 4 0 ) 1 0 7 . 9 (5) 
O (8) - S (4) - C ( 4 0 ) 1 0 7 . 5 ( 4 ) C ( 3 9 ) - S ( 4 ) -C (40) 96.7 (3) 
C ( 2 ) - C (1) - C ( 6 ) 1 2 4 . 3 ( 5 ) C ( 2 ) - C ( 1 ) - C ( 7 ) 1 2 0 . 2 ( 5 ) 
C ( 6 ) - C (1) - C ( 7 ) 1 1 5 . 3 ( 5 ) C ( l ) - C ( 2 ) - C ( 3 ) 1 1 7 . 2 ( 6 ) 
C ( 4 ) - C (3) - C ( 2 ) 1 2 0 . 5 ( 6 ) C(3 ) - C ( 4 ) -C (5) 1 2 2 . 0 ( 6 ) 
C ( 4 ) - C (5) - C { 6 ) 1 1 8 . 8 ( 6 ) C ( 4 ) - C ( 5 ) - C ( 2 2 ) 1 2 0 . 4 (5) 
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C ( 6 ) - C ( 5 ) - C ( 2 2 ) 120.7 (5) C(l) -C(6)-C(5) 1 1 7 . 1 ( 5 ) 
C ( l ) - C { 6 ) - C ( 3 2 ) 121.8(5) C(5) - C ( 6 ) - C ( 3 2 ) 1 2 1 . 1 ( 5 ) 
C ( l ) - C ( 7 ) - S ( l ) 124.4(4) F(3) -C(8)-F(2) 110 0(8) 
F ( 3 ) - C ( 8 ) - F { 1 ) 110.3(9) F(2) -C(8) -F(1) 1 0 9 . 5 ( 8 ) 
F ( 3 ) - C ( 8 ) -S(l) 109.7(6) F(2) -C(8)-S(1) 1 0 8 . 0 ( 7 ) 
F ( l ) - C ( 8 ) - S ( l ) 109.3(6) C ( 1 6 ) - C ( l l ) - C ( 1 2 ) 1 2 4 . 7 ( 6 ) 
C ( 1 6 ) - C ( l l ) - C { 1 7 ) 117.9(6) C ( 1 2 ) - C ( l l ) - C ( 1 7 ) 1 1 7 . 3 ( 5 ) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 117.8(5) C ( l l ) - C ( 1 2 ) _C(31) 1 2 1 . 3 ( 5 ) 
C ( 1 3 ) - C ( 1 2 ) - C ( 3 1 ) 120.7(5) C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 ) 1 1 7 . 6 ( 5 ) 
C ( 1 4 ) - C ( 1 3 ) - C ( 2 1 ) 120.8(5) C ( 1 2 ) _ C ( 1 3 ) _ C ( 2 1 ) 1 2 1 . 6 ( 5 ) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 122.3(6) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 0 . 5 ( 6 ) 
C ( l l ) - C ( 1 6 ) - C ( 1 5 ) 117.1(6) C ( l l ) - C ( 1 7 ) - S ( 2 ) 1 20 . 2 (4 ) 
F ( 4 ) - C ( 1 8 ) - F ( 5 ) 109.3(7) F (4) -C(18) _F(6) 1 0 9 . 5 ( 7 ) 
F ( 5 ) - C ( 1 8 ) - F ( 6 ) 109.9(8) F ( 4 ) _ C ( 1 8 ) - S ( 2 ) 1 1 0 . 4 ( 7 ) 
F ( 5 ) - C ( 1 8 ) - S ( 2 ) 108.9(6) F ( 6 ) - C ( 1 8 ) - S ( 2 ) 1 0 8 . 9 ( 5 ) 
C ( 2 2 ) - C ( 2 1 ) - C ( 2 6 ) 118.5(6) C ( 2 2 ) - C ( 2 1 ) - C ( 1 3 ) 1 2 1 . 8 ( 5 ) 
C ( 2 6 ) - C { 2 1 ) - C ( 1 3 ) 119.6(5) C ( 2 3 ) - C ( 2 2 ) - C ( 2 1 ) 1 1 8 . 9 ( 6 ) 
C ( 2 3 ) - C ( 2 2 ) - C { 5 ) 119.8(6) C ( 2 1 ) - C ( 2 2 ) - C ( 5 ) 1 2 1 . 2 ( 5 ) 
C(24丨）-C(23) - C ( 2 2 ) 121.9(7) C (2 5 ) _C (24 ) _C (23 ) 1 1 9 - 2 ( 7 ) 
C ( 2 6 ) - C ( 2 5 ) - C { 2 4 ) 121.0(7) C ( 2 5 ) - C ( 2 6 ) _ C ( 2 1 ) 1 2 0 . 5 (6) 
C ( 3 6 ) - C ( 3 1 ) - C ( 3 2 ) 1 1 7 . 4 ( 5 ) C ( 3 6 ) - C ( 3 1 ) _ C ( 1 2 ) 1 2 1 . 6 ( 5 ) 
C ( 3 2 ) - C ( 3 1 ) - C ( 1 2 ) 1 2 1 . 0 ( 4 ) C ( 3 3 ) - C { 3 2 ) - C { 3 1 ) 1 1 6 . 5 ( 5 ) 
C ( 3 3 ) - C ( 3 2 ) - C { 6 ) 122.4(5) C ( 3 1 ) - C ( 3 2 ) _ C ( 6 ) 1 2 1 . 2 ( 4 ) 
C ( 3 4 ) - C ( 3 3 ) - C ( 3 2 ) 124.2(5) C ( 3 4 ) - C ( 3 3 ) - C ( 3 9 ) 1 1 9 . 0 ( 5 ) 
C ( 3 2 ) - C ( 3 3 ) - C ( 3 9 ) 116.7(5) C ( 3 3 ) - C ( 3 4 ) - C ( 3 5 ) 1 1 9 . 0 ( 5 ) 
C ( 3 6 ) - C ( 3 5 ) - C ( 3 4 ) 118.0(5) C ( 3 5 ) - C ( 3 6 ) - C ( 3 1 ) 1 2 4 . 8 (5) 
C ( 3 5 ) - C ( 3 6 ) - C ( 3 7 ) 117.7(5) C ( 3 1 ) - C { 3 6 ) - C ( 3 7 ) 1 1 7 . 1 ( 5 ) 
C ( 3 6 ) - C ( 3 7 ) _S (3) 130.7(5) C ( 3 6 ) - C ( 3 7 ) - S ( 3 ' ) 1 1 5 . 0 ( 5 ) 
S ( 3 ) - C { 3 7 ) -S (3') 22.9(4) F(8) -C(38) -F (9) 1 1 7 . 1 ( 1 3 ) 
F ( 8 ) - C ( 3 8 ) - F ( 7 ) 1 0 7 . 0 ( 9 ) F (9) -C(38) -F(7) 1 1 3 . 0 ( 1 0 ) 
F ( 8 ) - C ( 3 8 ) - S ( 3 ' ) 1 2 6 . 4 ( 9 ) F(9) - C ( 3 8 ) - S ( 3 ' ) 8 9 . 1 ( 9 ) 
F ( 7 ) - C ( 3 8 ) - S ( 3 ' ) 1 0 3 . 0 ( 1 0 ) F(8) -C (38)-S(3) 1 0 7 . 4 ( 8 ) 
F ( 9 ) - C ( 3 8 ) -S (3) 1 0 7 . 2 ( 8 ) F(7) -C(38) -S (3) 1 0 4 . 3 ( 1 0 ) 
S ( 3 ' ) - C ( 3 8 ) -S (3) 2 0 . 9 ( 4 ) C ( 3 3 ) - C ( 3 9 ) - S ( 4 ) 1 1 8 . 8 ( 3 ) 
F ( 1 1 ) - C ( 4 0 ) - F ( 1 2 ) 1 1 0 . 8 ( 7 ) F ( l l ) - C ( 4 0 ) - F ( I O ) 1 0 6 . 7 (8) 
F ( 1 2 ) - C ( 4 0 ) - F ( I O ) 1 0 9 . 9 ( 7 ) F ( 1 1 ) - C ( 4 0 ) - S ( 4 ) 1 1 1 . 1 ( 5 ) 
F ( 1 2 ) - C ( 4 0 ) - S ( 4 ) 1 0 8 . 3 ( 6 ) F ( 1 0 ) - C ( 4 0 ) - S ( 4 ) 1 1 0 . 1 ( 5 ) 
S ( 3 ' ) - 0 ( 5 ) -S (3) 2 4 . 1 ( 6 ) S(3) - 0 ( 6 ) - S ( 3 ' ) 9 . 7 ( 4 ) 
C ( 3 8 ) - F ( 9 ) - S ( 3 ' ) 51.6(6) 
Syininetry t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A^ x 1 0 ^ ] f o r P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s t h e form： 
„ 2 , * 2 * * • 
-27r [ (ha ) U i i + ... + 2 h k a b U ^ ^ ] 
U l l U 2 2 U3 3 U 2 3 U 1 3 U 1 2 
S ⑴ 5 8 ( 1 ) 7 5 ( 1 ) 4 6 ( 1 ) - 6 ( 1 ) - 7 ( 1 ) - 3 3 ( 1 ) 
S ⑵ 8 9 ( 1 ) 60 (1) 53 (1) 1 (1) -24 (1) -39 (1) 
S ( 3 ) 4 4 ( 2 ) 5 4 ( 3 ) 4 4 ( 2 ) 8(2) - 6 ( 1 ) _ 9 ( 2 ) 
S ( 3 ' ) 5 3 ( 3 ) 7 6 ( 4 ) 1 7 5 ( 9 ) 1 7 ( 5 ) 1 3 ( 4 ) -16 (3) 
S ⑷ 7 0 ( 1 ) 5 8 ( 1 ) 6 5 ( 1 ) - 2 0 ( 1 ) 5 ( 1 ) - 3 3 ⑴ 
C ⑴ 4 8 ( 3 ) 4 4 ( 3 ) 3 6 ( 3 ) - 3 ( 2 ) - 1 0 ( 2 ) - 1 2 ( 2 ) 
C ( 2 ) 5 3 ( 3 ) 6 5 ( 4 ) 5 2 ( 3 ) 3 ( 3 ) - 1 5 ( 3 ) -12 (3) 
C ( 3 ) 6 8 ( 4 ) 7 1 ( 4 ) 5 8 ( 4 ) 1 4 ( 3 ) - 2 8 ( 3 ) - 3 ( 3 ) 
C ( 4 ) 7 1 ( 4 ) 5 3 ( 3 ) 4 9 ( 3 ) 1 4 ( 3 ) - 1 0 ( 3 ) - 1 2 ( 3 ) 
C ( 5 ) 5 8 ( 3 ) 4 0 ( 3 ) 3 8 ( 3 ) 1 ( 2 ) - 8 ( 2 ) - 1 2 ( 2 ) 
C ( 6 ) 5 1 (3) 38 (3) 35 (3) -4 (2) -8 (2) -14 (2) 
C ( 7 ) 2 7 ( 2 ) 2 7 ( 2 ) 2 6 ( 2 ) 4 ( 2 ) - 8 ( 2 ) - 1 0 ( 2 ) 
C ( 8 ) 7 3 ( 5 ) 1 0 6 ( 7 ) 9 1 (6) 1 0 ( 5 ) -20 (4) -53 (5) 
C ( l l ) 55 (3) 4 7 ( 3 ) 43 (3) -5 (2) -12 (2) -12 (2) 
C ( 1 2 ) . 4 5 (3) 4 6 ( 3 ) 3 2 ( 2 ) -3 (2) - 1 1 (2) -7 (2〉 
C ( 1 3 ) 4 3 ( 3 ) 5 0 ( 3 ) 3 7 ( 3 ) - 1 ( 2 ) - 1 0 ( 2 ) - 1 0 ⑵ 
C ( 1 4 ) 6 0 ( 4 ) 6 8 ( 4 ) 3 2 ( 3 ) 0 ( 3 ) - 5 ( 2 ) - 1 6 ( 3 ) 
C ( 1 5 ) 7 8 ( 4 ) 6 9 ( 4 ) 3 8 ( 3 ) - 1 4 ( 3 ) - 1 3 ( 3 ) - 1 1 ( 3 ) 
C ( 1 6 ) 8 2 ( 4 ) 6 0 ( 4 ) 5 0 ( 4 ) - 1 2 ( 3 ) - 2 1 ( 3 ) - 2 0 ( 3 ) 
C ( 1 7 ) 5 3 ( 3 ) 2 4 ( 2 ) 3 0 ( 2 ) 5 ( 2 ) - 1 7 ( 2 ) - 1 6 ⑵ 
C ( 1 8 ) 1 1 3 (7) 85 (5) 67 (5) 22 (4) -33 (4) -64 ,5) 
C ( 2 1 ) 5 0 ( 3 ) 5 6 ( 3 ) 3 1 ( 3 ) 3 ( 2 ) - 4 ( 2 ) - 1 8 ( 3 ) 
C ( 2 2 ) 5 8 ( 3 ) 5 3 ( 3 ) 3 5 ( 3 ) 6(2) - 7 ( 2 ) - 2 1 ( 3 ) 
C ( 2 3 ) 8 7 ( 5 ) 5 2 ( 3 ) 5 6 ( 4 ) 1 ( 3 ) 1 ( 3 ) - 3 1 ( 3 ) 
C ( 2 4 ) 9 6 ( 6 ) 7 6 ( 5 ) 6 5 ( 4 ) 2 ( 4 ) - 8 ( 4 ) - 5 5 ( 5 ) 
C ( 2 5 ) 7 1 (5) 1 0 5 (6) 66 (4) 0 (4) -5 (4) -52 (5) 
C ( 2 S ) 56 (4) 72 (4) 53 (3) -4 (3) 0 (3) -25 (3) 
C ( 3 1 ) 4 5 (3) 4 1 ( 3 ) 32 (2) 1 (2) -10 (2) -17 (2) 
C ( 3 2 ) 4 2 ( 3 ) 4 0 ( 3 ) 3 2 ( 2 ) - 1 ( 2 ) - 7 ( 2 ) - 1 8 ( 2 ) 
C ( 3 3 ) 4 6 ( 3 ) 4 6 ( 3 ) 3 7 ( 3 ) - 6 ( 2 ) - 3 ( 2 ) - 2 2 ( 2 ) 
C ( 3 4 ) 6 0 ( 3 ) 6 2 ( 3 ) 3 0 ( 2 ) - 1 ( 2 ) - 1 3 ( 2 ) - 2 8 ( 3 ) 
C ( 3 5 ) 5 4 ( 3 ) 5 4 ( 3 ) 4 1 ( 3 ) 8 ( 2 ) - 2 0 ( 2 ) - 2 0 ( 3 ) 
C ( 3 6 ) 4 5 (3) 42 (3) 42 (3) 3 (2) -12 (2) -14 (2) 
C ( 3 7 ) 3 2 ( 2 ) 2 5 ( 2 ) 2 8 ( 2 ) 2 ( 2 ) - 1 1 ( 2 ) 2 ( 2 ) 
C ( 3 8 ) 6 3 ( 5 ) 8 9 ( 7 ) 1 7 0 ( 1 1 ) -8 (7) -37 (6) -7 (5) 
C ( 3 9 ) 2 5 (2) 3 1 (2) 23 (2) -12 (2) 2 (2) -12 (2) 
C ( 4 0 ) 7 5 ( 5 ) 7 1 ( 4 ) 6 6 ( 4 ) - 3 3 ( 4 ) - 7 ( 3 ) - 2 2 ( 4 ) 
0 ( 1 ) 93 (4) 75 (3) 79 (4) -25 (3) 17 (3) - 3 1 (3) 
0 ( 2 ) 1 0 3 (4) 1 4 1 ( 5 ) 5 3 ( 3 ) 1 7 ( 3 ) - 2 6 (3) - 6 6 ( 4 ) 
0 ( 3 ) 8 0 ( 3 ) 9 2 ( 4 ) 6 9 ( 3 ) 1 1 ( 3 ) - 2 1 ( 3 ) - 2 8 ( 3 ) 
0 ( 4 ) 1 5 9 (6) 103 (4) 9 4 ( 4 ) - 2 2 ( 3 ) - 3 0 ( 4 ) -84 (5) 
0 ( 5 ) 8 1 ( 4 ) 8 1 ( 4 ) 215(9) 3 9 ( 5 ) 1 0 ( 5 ) - 2 6 ( 4 ) 
0 ( 6 ) 1 1 2 ( 6 ) 2 2 6 ( 1 0 ) 76 (4) -60 (5) -17 (4) 9 (6) 
0 ( 7 ) 2 1 9 ( 9 ) 86 (4 ) 82(4) 1 (3) 6 (5) - 8 2 ( 5 ) 
0 (8) 59 (3) 9 5 ( 4 ) 1 9 1 (7) -62 (5) - 1 9 (4) - 3 0 ( 3 ) 
F ( l ) 1 3 4 ( 5 ) 1 1 2 ( 5 ) 1 6 1 ( 6 ) - 1 2 ( 4 ) - 2 0 ( 4 ) - 8 0 ( 4 ) 
F ( 2 ) 7 2 ( 3 ) 1 7 2 ( 6 ) 1 4 4 ( 5 ) 0 ( 4 ) 6 ( 3 ) - 6 9 ( 4 ) 
F ( 3 ) 1 5 7 ( 6 ) 2 2 8 ( 8 ) 1 2 4 ( 5〉 4 6 ( 5 ) - 8 2 ( 5 ) - 1 3 6 ( 6 ) 
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F ( 4 ) 1 4 3 ( 5 ) 9 7 ( 4 ) 1 0 7 ( 4 ) 39(3) - 5 7 ( 4 ) - 4 8 ( 4 ) 
F ( 5 ) 1 3 8 ( 5 ) 1 4 2 ( 5 ) 7 8 ( 3 ) 21(3) - 2 0 ( 3 ) - 9 3 ( 4 ) 
F ( 6 ) 1 9 0 (6) 126 (4) 54 (2) 0 (3) -29 (3) - 1 0 1 ( 4 ) 
F ( 7 ) 56 (4) 152 (6) 3 4 0 ( 1 4 ) 7 (7) -22 (5) 8 ( 4 ) 
F ( 8 ) 1 2 5 ( 5 ) 7 2 ( 3 ) 1 8 1 ( 7 ) 2 7 ( 4 ) - 4 0 ( 5 ) - 2 0 ( 3 ) 
F ( 9 ) 1 3 3 (6) 2 4 4 ( 1 0 ) 1 9 4 ( 8 ) -119 (8) -87 (6) -7 (6) 
F ( 1 0 ) 1 8 4 (6) 134 (5) 60(3) -16 (3) 1 7 ( 3 ) - 8 3 ( 5 ) 
F ( 1 1 ) 6 3 ( 3 ) 162 (6) 167 (6) -86 (5) -25 (3) -5 (3) 
F ( 1 2 ) 1 1 8 ( 4 ) 1 0 9 ( 4 ) 1 2 7 ( 4 ) - 7 5 ( 4 ) 1 2 ( 3 ) - 5 4 ( 3 ) 
105 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 1 0 、 a n d i s o t r o p i c 
2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r P . 
X y z U ( e q ) 
H ( 2 A ) 4 2 6 7 6 7 9 3 2 9 4 3 7 2 
H ( 3 A ) 3 4 7 4 5 5 3 5 4 1 0 8 87 
H ( 4 A ) 1 1 5 8 5 6 9 0 4 4 6 2 7 7 
H ( 7 A ) 2 9 8 5 9 0 1 6 . 2 1 6 6 33 
H ( 7 B ) 1 9 1 1 8 9 2 9 1 6 9 8 33 
H ( 1 4 A ) - 2 6 2 2 9 1 7 5 5 5 4 4 68 
H ( 1 5 A ) - 2 3 0 0 1 0 8 9 5 5 8 0 0 7 8 
H ( 1 6 A ) - 1 4 1 2 1 2 1 1 2 4 6 5 2 77 
H ( 1 7 A ) - 1 5 0 1 1 2 7 0 7 3 1 1 7 4 1 
H ( 1 7 B ) - 9 5 0 1 1 6 2 9 2 5 0 7 4 1 
H { 2 3 A ) - 5 8 4 5 3 3 8 3 4 8 0 8 1 
H ( 2 4 A ) - 2 8 8 7 5 3 5 5 3 8 5 9 90 
H ( 2 5 A ) - 4 7 4 4 7 0 9 2 4 4 3 4 93 
H ( 2 6 A ) - 4 3 4 9 8 8 5 3 4 5 5 2 7 5 
H ( 3 4 A ) - 7 4 3 9 0 8 8 3 6 9 5 8 
H(35A) -2505 10919 920 59 
H ( 3 7 A ) - 3 1 7 6 1 2 2 7 1 1 8 6 7 3 8 
H ( 3 7 B ) - 2 4 4 9 1 2 0 3 5 2 6 3 1 38 
H ( 3 9 A ) 1 8 6 1 7 1 0 7 1 4 4 2 3 1 











O S 3 S £ S 23 in fS ru c :urrent Oais J^aramei，广s 
• ° 卜.I、r r、，. •〜r•卜.rs r•-〜 ® 拟Hi YangClM 
. 丨 二 ’； 




O 叫OUHO 5 9WI Hull m u d 
11 JO 32766 
/ s . J l 八 SOLVENT CQCI3 
11 11 0 
3KH 的92.806 HI ^ ^ ^ ^  ”ORES 0 27409 HI 
AO 1 3 2 1 9 M 8 sec 
..X ‘  ' . . 55.600 lisec 
MeO 〇 OMe ^ 79«us.. 
le 297.2 K 
( M l 00000000 sec 
8 7 叱呢S丨 o .oooocoon sec 
0 . 0 1 5 0 0 0 0 0 stC 
•…•…channel {) 
NUCl IH 
* 50 usee 
气丨 -s oo oe SFOl 300 ISISOOO Itli 
• Processino paranelers 
• SI J2760 






fl |k jg '0 nhr 01(U oara_eier3 
I I 3 CX as 00 c . 
— *JLJl_ L 1 “ 9.00 c« 
n i l I I ^0 .000 tiam 
. 1 A A T = 
X z ^  C S '•？ MSOOBHl 
？ g g S g f^HCH 0.47727 Dtm/ca 
三 ^ 对江M I 0 . 2 0 B 5 hi/c» 
‘ ' ' ' ' ' ' ' 1 “‘ •” 1”., • - r - r - p i - n - r r n - n - j i-ri i- r o - r - r v ir-r i r r i - r i M r i-r-i M-^-n-rr r r-r-r-r i •r-r-rr-i-T-n--r .-t-t-, .-.-ri-i-, t-r-r-r i i-i-i-, 
POr 9 B 7 5 5 4 3 2 ) i 
Curre iU O d U P a r a n e i e r s 
NAME YeogOiC 
cXPUO 】 
m m m m cu ^ ip m o ^ m to PHODH) 1 
， — V m oi Aj o u3 •-« <r> iQ m 
g <7> CD m ID rs. cji cn Ti *r in ， 
I m ro ⑴ ^ m m co r. o： in « • Acau)Siuoo Parawters 





SHH 3 2 6 7 5 . 7 3 5 MI 
riOflES 0-.3-^600J Hi 
AO 1 445116： ec 
‘ AG Q192 
OH 2 ? . 0 5 0 usee 
OC 6.00 usee 
TE 29Q.2 K 
01 0 200(i000u sec 
d ! l 0 03000000 sec 
J| HCReSl 0 0OOOC3OO sec 
mcwrk o.oisoocoo S8C 
… … • • CMAHI4CI. 11 
NUCI 13C 
3 . 0 0 usee 
-6 00 UB 





120 00 08 
P U 2 ]9 (]Q 06 
Sf02 300 1215007 MH; 
‘ P r o c e s s i n g u s r d s e i e r s 
SI 65536 
SK 75 457755B m i WOM 3S0 0 
LB 3 . 0 0 m . 
. GB 0 
pr 1.40 
ID NWR D l o i o a r a m K e r s 
cx 3 3 . 0 0 cm 
• F2P 0 OOC PDR> 
'do« 180 160 uo m 100 60 "so '~lo hk^  5』:二二r 
- 108 
— Current Ost« Parameters 
S g S HAHE YanoOSH 
. • Z tn Sin^Smt^i^r^ ° “ EXPNO 1 
g ^ tri rvlp^ r^ r^ r^ r-^ piX) ^ “ PROCNO 1 
/ / \ / ， _ Acquisiuon Parameters 
i 1 Ml r V Date. 200<0229 
U n e U . I 6 
iNSTRLfH OOxaOO 
PR06H0 5 na Hulunucl 
？ULPRQG IQ 
SOLVEMl cxn 
. I NS < 
I OS 0 
v：：^ SHH 8992.806 Mi 
' ^ ^ ^ ^ ^ ^ n O R E S 0.274439 Hi I I AO 1.8219508 sec 
MeO OMe aw 5 二 usee 
0£ 7 9 . 0 usee 
0 0 IE 29B.2 K 
0 0 0} 1.00000000 sec 
HCneST 0.00000000 sec 
KCWAK 0.01500000 9ec 
‘ CHKmi 丨 1 
NUC1 IH 
PI 4 .50 u s e e 
P U -2.00 00 
SfOl 300.1312000 KHz 
• F2 • Processing parameters 
SI 3276B 
Sf 300.1300063 Wit 
HOW 6H 
5SB 0 
L8 0.30 Hi 
CB 0 
PC 1.00 
10 NMR olot oaraneters 
• J \ CX 22.00.C® 
1 I I CY 9,00 cn 
I I I I l_ . f，P 10.000 ppa 1 AA-L—A F\ 3001.30 HI 
j\ i\ i\j\ l\ l\ -
\ A L A 2 PPMCH 0.47727 [iom/cn 
J i S g g S 143.34385 m / c m 
» g o 0 0 0 ^ 
c 二 二 C\J Ol fM 
U ‘ I •……I 
r I ^ ^ i .3 2 ‘ 0 
pom 9 ° ’ “ 
• . . - , 
• • Cuprcnl OBla ParsmetBPS 
• • • »,••: . ：• 汽 PROCNO 1 • 
S.. •； ••"» CD to U3 U"! 7 r V F2 - Acquisition Paraaeters 
I . . s： •： ‘ . • 5. -KS s ？ 
— . I . I I ’ M . 40 
• • ' K \ ) J \ / INSTRUH <30X300 •• . -.、•: ' \\/ / \j/ pnOBHO 5 M Hu)tinucl 
. Ill ( 、 . tf PUUPROC tgac 
. . TO 65536 
SOLVENT . C0C)3 
NS 709 
‘ ••‘ • OS 0 
V .i ,••‘ SWH 32B75.738 m :•  • . . . . . . . . 1 ftones , 0.346004 m 
AD l.a^ snss sec 
W 6502 
OX 22.050 usee 
0£ 6.00 (j&ec 
TE 297.2 K 
01 0.20000000 sec 
: a n 0.03000000 sec 
HCHESl 0.00000000 sec 
HCHRK 0.01500000 sec 
• . CHAtlNEL H 
NUCt J3C 
. PJ 3.00 usee 
. . . . . P U -6.00 08 
； " . • ： ； . ： • ••‘ . SFOl 75.4745ti】MHl 
• " • - . … • •… C H A N N E L f? 
、 ‘ CP0PRG2 waltzie 
H WC2 IH 
• PCP02 100.00 usee 
Pt2 120 00 0日 
PLJ2 19.00 08 
' • SP02 300 1315007 mi 
f? - Processing odransters 
SI 65536 . 
SF 75.4677517 HHi 
• • HQH EM 
. ”/ SSB 0 
la 3 00 Hi 
6B 0 
PC 1.40 
ID NMfl olot oarawters 
•、 /, .； CX 23 00 cn 
Fg 0.00 HI 
f , , , , t 1 r p—»一‘ ‘ 1 1 1~‘ ‘ ‘ I ‘ ‘ ‘"I ‘ ~^‘ I~‘ r‘一*~I ‘~‘ ‘ bpMCH 8,69565 OQn/cm 
pom 180 160 140 〗20 100 80 印 冲 
109 
o o i o i i f l o i 艾 r u m i n m 〜 g S； S g Current O.l. P»r.i.eier5 
L i ^ • 一 ‘ 
^ ^ r \ ( f2 - Acquisition Parsneiers 
‘ " ‘ 08Le 一 20041015 
}\mt 19.04 
INSTRUH dpX300 
PfiOBHO 5 OA 8B0 BB-lH 
PULPflOG zg rn^Mp 32768 
y - / W 2 i v i c solvent cocia 
/ NS 32 
MgOOC-^^ SWH 8992.806 Hz 
^ fiooes 0.274439 m 
JkO 1.B2J9S0B sec 
/ / ^ ^ OK 5 5 . 6 0 0 usee 
^ ^ / OE 7 9 . 4 2 usee X / Tg 297.2 K 
/ / D1 l.OOOOOOOO sec 
IWIpn HCBESl... p.00000000 SBC 
m t J L ； O M e MCHfiK o.oisoonoo sec 
QQ ••……CHANNEL fl — 
O。 NUCl IH 
Pj 5.00 usee 
PLl •2.00 OB 
SFQl 300.1312000 Wii 
F2 - Processing parameters 
SI 32768 
. S F 300.1300063 HHZ 
WOH €H 
SSB 0 
• LB 0.30 Hi 
GB 0 
PC 1.00 
10 KHR 0 i o t parsneiers 
II 丨 CX 22.00 cm 
JL I CY 9,00 ca 
M I M A FiP 10.000 pp« 
“ ~ * 、 M 3001.30 MJ 
八八八 \ • ？ -；二 * 
- [fl cn| O 2 o jS O PPHCH 0.47727 OD_/c« 
£ S§SS o O o o HZCH H3.3<13B5 Hz/cn 
• I ru ru 〜 」 ^ 一内 • 
r — — - - •••I ； "' ^ 
p p « 9 - 8 7 6 3 
- "‘ Current Data Parameters 
- NAK£ Yaftg03C 
• . EXPNQ \ 
m o ry ru f - rv PROCS-O 1 
S f S ? 5 5 S § S 1 ^ ° ^ ^ ^ ^ ^ F2 - Acquisition Parawters 
a - t r i o ^ ^ m r ^ ' v o - te g ；^  S 0 « e . 20040307 
VI J \ / ^ / INSIRUM dpx300 \ / \ / / PflOBHO 5 mm HuJDnucl 
\ ‘ ® . PULPftOG zgdc 
TD 6553B 
• SOLVENT C0C)3 
NS 1 7 7 J 
OS 0 
5HH 22575.735 H£ 
J FIDRES 0.345004 H2 
V AO 丨，44SltB日 sec I RG 7296.2 
OK 23.050 usee 
OE 6.00 usee 
IE 298.2 K 
01 0 .20000000 iec 
a n 0 .03000000 sec 
MCREST , O.ODOOOOOO sec 
• mCKRK 0.01500000 s s c 
CHANNEL ” 
NUCl 13C 
Pi 3.00 usee 
PLl -6.00 dB 
5FQ) 75.4745ni MHi 
' CHANNEL t2 
CPDPPG2 w«UlJ6 
NUC2 … 
PCPO? too.00 OSBC 
PL2 130.00 ae 
PLja 19.00 OB 
SF02 300.1315007 HHZ 
• F2 • Process m g oaraMtePS 
SI 65535 
SF 75.4677520 HH2 MOW EH 
SSB 0 
UB 3.00 HI 
” GB 0 
PC 
. . 
： 10 NKfi p)ot pardweters 
• •• CX 23.00 C» 
n CY 12.0D cm巩 
F2 O.OO HJ 
, - . , , . . , _ , _ _ , _ _ , _ , _ , _ _ , _ , _ , _ , _ I ,""“.~I ‘ ~ I I ‘ ~ ‘ ~ I ~ ‘ ~ ‘ ~ ~ ‘ ~ I ~ ‘ ~ ‘ ~ ‘ ~ I ‘ ‘ ‘ I ‘ ‘ ‘ I ' P M C H 8 69565 P O y c » 
丨咖 .‘,8 0 ‘ . 150 “0 120 100 so 60 40 20 hzch 咖 彻 
110 
^ ？t ^ ^ ^ ‘：： 0 ;n Oaio。drsfteiers 
二 . ” 〜 〜 〜 〜 r u 1 
. 零 。_ ‘ 
31C «f ！ - ^cquisuiori Par6«eteri 
？ 
IMSTPUK oooOO 
®ftO0rtO 5 fMi Holuftocl 
C O o H a^Pfl&G zg 
I 么 、 TO 32768 
、 301VCNT AC£i.or.e 
H〇2C7 : ^^X. 3HH 的9? 80S HZ 
^ ^ Y ^ PIOPES 0 274439 Hi 
/ OW 55 SOO usee 
‘ / y M 79.43 usee 
I V / i ^ X / U 398.5 K 
I V l e U O I \ y i p 0丨 > 00000000 « C 
口 丨 H C R E S 7 0 00000000 SBC 
MCHRK 0 0t7>00000 SbC 
90 
OUUIigL f t 
suet IH 
i 50 usee 
PL! -2 00 OQ 
SFOl 300.1312000 MHi 
P? - Processing oaraiDeiers 
SI 3a/BB 
SF 300 I30U0<I0 HHl 
WOH EM 
SS8 0 
LB 0 30 Hi 
GB 0 
PC 1 00 
I I _ 10 hHrt i>1ol paraaecers 
JiL H CX 2? 00 c.i 
I H ft Z cr 9 00 c . 
An A — ^ ^V ： /\ i.A ： IMP 10.000 OQH 
yn vy \ 八 i'ijp -0 50。oih 
一 U o>Yfn o) o •丨50 06 HZ Z 二 浜 S g g '^P'^H 0 4?7?7 00»/CIH 
!： o o <=> ra o n rtlOi 143 243B5 H?/cni 
rvj Aj CNJ o — ID 
• f i-r 1 I r f i .•••p-.r ,•!•广t-fr、丁"v.rT •广，”-rTt-rm•、-"pn~t-ri~r"i，"TV~prTT~rT-.-广 _-、"|-vi fr r\-i-r-r-p-ri-ri -r t r i ( t r i ' r r f r rT* 
oom 9 8 7 6 5 4 3 S 0 
C u r r e m Ciota oarancters 
lUMH Y»ng04C 
EXPNO 1 
^ CO — in o ru 臂 nj 句 i n o o o — m c o f v i v o o i p n PHOCHO I 
r ；T «y "5 £ j p i n r u u a mm o r - ^ - t n o ' ^ a a m 
m ‘ f\» fs. to ^ lo 03 r x j » ~ » i n •〜 o i n r o o a a m r u o 
g 03 ^ ^ o o , rv ,、 ,、 cn - ; d o o f n o i o . o i '卜》cou】sK,。n Para.eurs 
^ o ^D jn u-i •«» V m ry — o »n \n 々 m m m r v j r v j r v j r v j Oat?_ ？0040314 
\ \l ' \ PROCHQ 5 «« Mult mud 
lU 6bii36 
S a v E N l ACtflone NS G042 
us 0 
SMH 22675.735 H? 
FlOfleS 0 346004 Hi 
AO 1.4431108 sec 
RC 
OH 23.050 usee 
Od G 00 usee 
le 3 9 0 ? X 
Ot 0 20000000 sec 
(Ml 0.03000000 sec 
MCflEST O.OQOOOnOO sec 
rtCWRK 0 01500000 see 
…• •…C H A N N l - L (1 
NUCl i3C 
PI 3.00 usee 
PLl -6.00 OB 
I SFOl 73 47<5MI MHi 
• CHAM46L (2 _•‘•_•  
CPOPRG? • WAIUIS 
MlCS IH 
PCP03 丨00 00 usee 
120.00 (IB 
Pi 12 19 .00 08 
SFOa 300 1315007 HHl 
fZ " Processing paraweiers 
SI 63536 
SK 75 46768'lb i«H2 
f^ OH fH 
SSB 0 
IQ 3.00 H2 
GB 0 
PC 1 '0 
to NHH olot paraoeura 
I I CX 二二 
FI I6C02.89 Ml 
rjp -0 000 00« 
1 r r — . . 「 一 • T " 卞 - - I ~ 1 — ‘ ~ > ~ 1 一 - ( . . . ， . — • < _ 「 " 陽 《 , _ , — - I — , ~ . . ~ p - f • . … 1 , r - ' " 9 ^653? OPt/cn 
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I g ？ i^： S r ；> § I S £ S '-urr,.,'. OMa 二 丨、，卜 r, tc vC 丄 U： “ 叫 _、k I i ； i , j J ^ , 《丨•丨扣 i i 外"NO ‘ 
• ‘ ‘？ • ACQuiSK icr- PiirawetftrL 
yoU. SOLAOiX 
l‘at )] 
iWiilffljK op* 300 
"HObriD S An Hull wiuCI 
/ V. 八 PjLPfiOC zg 
TO 職 
r iT Tl 沾 LVt：丨彳 7 CDC) 2 
M II 05 。 SHH 的 HZ T T MDftES 0.2740& ri/ 
I I MJ 1 sec 
MeO OMe 3 „2。p 
. 5!..500.usee oo DC ？S 43 usee 02 D9e 3 K 
QJ I OUOOtJODO bee 、 MCP£S1 c oooooooc HCWttK 0 01500C00 stsc 
CH/.IWEL f 1 
NUCt in 
Pi 4.M usfec 
ft. J •？ ‘0 dO 
SFOl 300.13)2000 MHi 
r? Procfciiiog pai-dMLers 
SI 32/60 
Sf -m 1300060 MHJ 
• WDH EM 
•fJl 0 
-ft 0.30 
bb 0 口 t： 1 .00 I \ in NMR III01. iiAfd-L'ters 
,11 II "X r<! 00 cm 
LIB f^  J 。丫 9 00 OB 
V » ‘ JP 10 000 ,H,flt I \ / \ A fi aool so H2 
一 I \ / \ \ -0 50fl T E l^gf^l d U -ISO.OB H2 
！: g 5 S g "^hCm 0.4V7?7 nnn./ct« 
- fM <-.. ^ "⑴4 Hi/rm 
, . " " ' I , , p, . .-r . .-I'. r.-T"，，”.. r . ... ••，, .-i-rryy, r r . r ,.-.•‘. r.p.r-,. I r ,.-,,，_，,，, 
卯 9 a 7 6 3 2 I (, 
Current Oa(d Paramciers 
NAME Yangoec 
S S saSssg S s 二。 ‘ 
1 "v ) I ； I 侧 >2.?， \ \ \ / msinuM 00*300 . 丨 1 丨 飞 . )A013丨n) 5 HulV)nuc} 
^ P f l O G tgrtc 
ID 65536 SOLVe"『 C0C13 
NS ’561 
OS 0 5WH 23D75.736 Hi 
niDAES 0.346004 Hi 
*0 I 4451 IBB sec 
叩 B192 
OH 32.050 usee 
Cit 6.00 usee 
3 9 0 K 
I 0' 0.20000000 sec 
I o n 0.03000000 ^ec 
HCflEST O.OOOOOOUO sec 
, nHWRk 0.01500000 see 
CHANNEL M . 
NUC) 13C 
… 3.00 usee 〜】 •fi.OO (16 sroi 75 HHX 
……..CHANNEL 12 ……•• 
CPOPPG? 
NUC2 IH 
'^ipua 100.00 usee 
PL? J20.00 flB 
P U 2 19 00 OB 
Sf02 300 131*5007 HK： 
- Process)nQ pardm»icrs 
SI 65b36 
Sf 75 4677520 HH； 
V<OW tH 
SS8 0 
16 3.00 m 
GO 0 
叱 l.dO 
10 hht' |}I01, parameieps 
13093.55 HI 
PJP G 000 OQit 
I 一 “ , 1 - r ~ r .一, , , r---t~i.. r . _ ,, 广了 — ,‘ ‘^ ‘ 厂 1 ^ r r^ ~ r ^ ™ , 1 •一» .-.1 1 1 r- ~ r - _r- -i~,-一,一. P 0 00 Ml 卯爪 】80 »60 140 120 ；00 80 ^ ；n Jn 3叫CH 8.69565 pp^/c. 
U ⑶ H2CH 556 ？41?? H7/C» 
113 
I 二 . -• *CQujsu»on deleters 
D a l e . 20050404 
！9.29 
• iNSrwJ.H cox 300 




• S'^ H 3992.306 Hi 
FIOAES 0 . 2 7 4 0 9 Hj 
糾 1-5519508 
丫 \ _ / 叩 322.5 
1 / \ I 53.500 usee MeO OMe ？f 300" r " 
\ / ⑴ i.ooooQooa sec • 
i ne CHANNPL ft — 
•• wci IH 
PI --5C usee 糾 -2.00 OS 5?Ch 300. 1312000 mhi 
P2 - Processing par«m«tB广s SI :H76P 
sr 300. 130006 WOW CM 558 0 ta 0.30 H; ca 0 
. ； PC 2.6Q I to NHft Qlot oararnetsps 
I I • CX . 23.00 cn 
} la.ooc oo» 
fl I j 2001.10 Hi 
.. ... “ 一 — — -0.500 Dom 
- /^iv^U A A _ 。二二 
I 一 I 。 . " h r ⑦ - . 
一 rshfvj ai|ru|ru _ 
一 9.' 7 . ] i i r ；•‘，’•""i'•• 
turrsnt Oaia Peramcts.-s 
NAMg enaox»oe-oii«n-
5XPNC 31 
® ？ 0! ^ ~ o un ru PROCNO . 
g ^ • ^ F? - Acaii.suion Parameters 
一 - • " 一 一 O a c e . 200fi0<04 
II V J 22.25 
/ \/ r•沾『ft⑶ aojOO。 • I : . 1  PR08H0 5 cim Tual ;3 
PULPPDG igdc 
I, • fO 65536 
I • . SOLVENT CDC13 
I • NS 922 
• OS 。 . I. SHM 32575.726 Hf 
_ e S 0 .3d600- Ht 
l.MSl I8B sec 
AG 3192 
‘ I . . ？2. OSO usee 
5.00 usee 
• 300.0 J* 
01 1.00000000 sec 
.311 0.330DOOOO sec 
CHANNEL I I 
NUCI 13C 
. 1 3.00 usee 
-5.00 dB 
I. -SrQl MHI 
CHANNCt ……. 
CP0PRG2 wa丨U16 
. 縱 IH 
PCP02 100.00 usee 
孔2 130.00 38 
I 气12 19,00 oQ 
200.1315007 HHZ 
？2 - Procsssinq pdraoeLers 
i 51 65536 
1 5r 75,4677513 O^W eH 
I ssa 0 
‘I 1.8 3,00 Hi 
G8 0 . .ec 
iO NHfl Plot oarsmeiers 
I ) I ^^  ？2.00 cm ！ ( , Jj np -rO  GOO oofi : I i ; I ！] "I 'SQ93 55 HI 
‘ ‘ 冲 2 6«Sti5 3nA/c.ii 
« —•••••—•^―I- _ if • T T - f f . t —— - .fM .. . . 
J r r , f 呀 了，产广'_ , •• T-r-f-n . • • • . i . , _ ._ ,,••-’ 丄 ；:a ；：,. .,0 . • 
114 
^ S J, S r： S； S； £ ？‘ ？： #： f^： £ fe ；： S ft -.uweni 
. 2, rr rr. ff. _ •” f jf, rr rr. r**, r*. NAMt fo'igOn 
^ '' r- I： r- r- •• a. Ci U. »£, U. lO sC. iT. J-i iT. rr • At*UO J 
''P 咖。‘。 ’ 
I K 1  I IT 1 -c • Ac,q»/:*iUiOr Ptir-on,<:;tri 
lioit 11 30 
iNSlRoK op/.jOO 
？ftoeMU 5 Oft. BbL- e& 
r^Xl^riOC iq 
J 、 ID 22?66 
/ \ SULveNT 
f o - ) SI ： ‘ \ / SWM 899?. BOe H? 
• / \ nOftES 0 ？7 4 0 9 Hi 
] .ti2l(JbO& vec 
I I % 2b；' 
I I fJH 55 WO us&c 
^ ^ DC 巧 
\ / U 597 & K 
0} ] . 00000000 <iec 
Rfl ^ 1 . - HCflEST 0 oooonooo sec IVieU UMe tHCHRK O.OlbOOUOO set QA C«ANMf.l () 
NUCl ’H 
PI 9.00 u&ec 
PL J 00 Ob 
w o I 300 I3i;f000 mi 
- r'rucabsjno MPaineiferi 
SI 
. Sf 300 Wi: 
wow £m 
SS8 0 
uB Q 30 Mr C^  0 
PC I 00 
• ID NMR olol pflPBineitrs 
|l b CX ？?.00 cm 
D I CY 9 00 cm 
A_J» K J ^ —W A 1 .MP 10 OOU 
/v\ m A A ；(p ：二 
一 f^iYtfil o Mml <n fin] 5^0.01 lu 
I S g g 口 O. a S 冲丨化0 477?7 uur^/zn 
二 S cn ® ® ‘ H2CH 143.24307 w/cnt — 一 — ^ 
••'I -r I I • i-r-r-t-j i-i-i ‘ t -r-r r t p ' r i T - t - r r r-j-t-r r r < i 飞 ‘• .r • ‘.T"•二i.T"pn.*”T^ --r*_-•一门-1-|.,-广》-/” t-r|TTTT-r-r-rT-i-f-T-«-rT i -n-i-i-p-i-r-i-
ppm 9 8 7 6 5 4 3 2 1 0 
Cur'•era Oati Parameiers 
•认 KE YungO/C 
5XPN0 1 
m o cv> m ® ® ru at n m m ru rn ？flOCi*0 j 
» , RJRi SSJ^S；； ？！g S 12 ^  S S IS S 
o • c o r w f n i o o c n » j 3 m t r i co lo «t <<> <t rn m 「2- AcQuisilion Parameters Z ：： ‘：] 2； ^  ：： 2 ® lOvninintno^ Oaie^ JOO^OOPO 
\ I IhSTRUH ap^OO 1 I Sir 叩08HD 5 nifh BBO BB-IH 
P^ROG 2gOC 
10 65530 
SOLVENT C O C n 
N5 
OS 0 
. SHH 22575.736 Hz 
PI ORES 0 346004 HZ 
ftO 1 sec 
ftG 
UM 2?.050 usee 
OE 6.00 usee 
TE 297.2 K 
OJ j.OOOOOOOO U?C 
011 0.03000000 sac 
I HCRESl 0.00000000 see 
MCHHK 0 0 J 500000 W C 
……•• channel II …••… 
NUCl I3C 
• Pj 3.00 usee 
PL I -6.00 00 
SFD) ？5.47<)5m Mrii 
CHANNEL 12 — 
CPDPRC2 K d l U i e 
HUC2 IH 
PCP02 100 00 usee 
I PL2 >20 00 oB 
PII2 .19,00 {IB 
5F02 300.13丨5007 HHt 
f? - Procsssing parameU'*? 
51 55b36 
SK 70.-1677053 Wir 
» £m 
SSB 0 
LB 3.00 Hi n GB 0 
CY 1?.00 C» 
fjp 200,000 pn« 
?> 15093.5.1 hi 
r?p O.OOO pon> 
: To.…：— , i r . — . ] j r ~ � :I-'..‘..m T 一 .'-;�-1 了 — — r 〜 ， 
115 
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000005丨0.0 XUKDH 33S 00000000 0 iS3b3h 
M S 000000£0'0 IIP • 3as 00000000'I ro 
> 2 £89 31 3a«n 00'9 3Q 。“OSO'22 HQ 261G 9U 
SBUS^ '^l OV 
织 > 0 0 9 ^ 0 S3bOlJ 






HI-8B 008 « s OHMW • JR J JMU 11 
o^r 二 A / / / W l \ • 
sjiqawejBd uonTstn&sv - ^ ！^.、， iO i N j c n ^ - s j c c t f i — uj o> g 
CJ LH O Ik O O O u； B Oi ^ O O N j - « s J O C r > O O D I \ > Lu 
‘ ONDOtid 么 U3 ro CT) voljoios^ j^  5 
1 0NdX3 
3B00UBA 3HVN 
sja^9<u6j96 luaujna • 
0 I 2 E f 5 9 i 9 6 uidO 
-…_ I …I………I I ..…...• I •….，.…’… I I 
(T> A ^  & ro — 
•""ZH H3ZW K, cn o b o S 
M/w。d i Z U P O HDHdd cn o» o o uj <9 2H 90-091- ei 拐 £ S g £ I •<"00^0- d2J \ \ / A/ 
'MO£.‘00£ (J U W U 
000-0) dIJ u r ^ 广 . V J ~ . • 00-6 AD i )厂 U /n 00 XD N W 
sjaiawejeo wh OI H R 
00• I Dd ！ I 0 G3 
IH OE.O B1 
0 SS5 
H3 HOM 
2HH E9000CC00C iS • IS 
sj9iaitiejcQ OuiSGa30Jd -
2HK oooeicrooc 丨ojs 
8P 00,2- ITd 
M S n GO'S Id 
m ooN "U 13NHVH3 — ^g 
00000510-0 W M 3 H 
00000000 0 - -iSBbOH 9|/\|0 Q^ IAI 
3as 00000000' ( 10 i V 
=«。Erei 30 
009'S9 NO ^ y y ^ ^ ^ 
3»S 8056128QV L I M J 
IH 5 % Q I i JH 90S'2666 HM5 \ / ^^ 
0 SO / \ ee SN / \ 
CI003 iN3AT0S \ \ / / • M^eC 01 \\ // 
90bdTnd 
H«-g8 0Q6 5 OHSOUd ooe*op HnaiSNi 62'6 auti 
8 0 U 梦 O02 "aiBQ 
5j8ia«jed uop^stnbav - 2j t • 
； 。二 1 . 
—rxjo — — ooa>«r^o 〜 r n ^ Current Oaid Parameters « S S NME Yang09H 
Q EXPNO 1 
a 卜 HI 
V. I 。 一 
. II I 丨 " I o a t e . 20040427 
Tine 21.00 
INSTRUH opx300 
PflOSHO 5 mn 880 88'IK 
PaPflOG 19 D~A TD 32768 
/ / \ \ S0LVEN1 C0C13 
. B r ^ 7 Br J 
\ / SHH 的92.806 HI 
-^iOfteS 0.274439 riZ 
Y ^ ^ ^ 1.8219906 sec 
AG 512 
I I I OH 55.600 ussc 
^ ^ ^ 0£ 7 9 . « usee 
\ / IE 298.2 K 
I / \ 丨 0 , 1 .00000000 s e c MeO OMe 
\ Z CHANNEL t\ 
NUCi . IH 
PI 9.00 usee 
101 孔 1 -2.00 d8 
• ^ SFOl 300.1312000 MHZ F2 - Processino pdraneters 
SI 32768 
Sf 300.1300088 H m 
HOW EH 
ssa 0 
LB 0.30 Hi 
68 0 
PC 1.00 
>0 NKfl plot oaraMLers 
UCX 23.00 cm 
I CY g.OO cm 
l U I 1 A i l U s . F>P 10.000 PD« 
, _I P r 3001 .30 HI 
MAM A ？ 
= g S § S e S o PPHCH 0.47737 PP./C. I g S £ ~ 5 ？ 5 I«.3«a5 ki/c. 
S ru nj — ru - — > 
I 1 1 1 1 1 1 p I ！ I ppm 9 B 7 6 5 4 3 2 1 0 
Current O a u Parameters 
NAME Yang09C 
EXPNO 1 
• 2 SoSS^^Q LO lO in— Dif*- S 
- - ” - ® Fa - ACQul3itlon Par 帐 ters §： SS . S P： S JS IS ？00^0321 
V I I \ I • •‘ •‘ •‘ K ) I INSTRUH dpx300 
\ \ / • . ‘ . PROeHO S Am B60 B B M H 
I. ' I I ' ‘ PULPflOG tgdC 
" TO 65536 
SOUVENT C0C13 
. . . NS 774 
' OS • 0 
V . • SWH 22S75.73B HI 
FIORES 0.346004 HZ 
AO l.«U5"Ga，ec 
RG Bids 
OH ？2 OSO usee 
DE 6.00 usee 
TE 298.2 K 
01 1.OOOOOOOO SBC 
dll 0.03000000 sec 
HCRES1 0.00000000 sec 
HCWRK 0.0丨500000 sec 
…• •… C H A N N E L M … • • … 
. W C l J3C 
3.00 usee 
P U -S.OO aB 
SFOl 75.4745UJ KHx 
• CKANNei rs 
CP0PRG2 H a l l 2 l 6 
PCP02 100.00 usee 
PL2 J20.00 08 
P U 2 13.00 OB 
S m 300.1315007 HMi 
rs - Processinc parameters 
SI 65536 
• SF 75.4677524 KHz 
MOH £H 
SSB 0 
LB 3 00 m 
Gfl 0 
J PC '-0 
CX 23.00 CB 
CY 10.00 cn 
. FlP 204.375 op« 
f\ 15423.75 H： 
F2P -7.698 ppi« 
. F2 -500 97 H2 
\ ' • ' • r ^ ' ' ' • • • 1 ' ' I ' ' ' I « • I I 1 I I ' • •一PPHCM 9.22060 pp«/ci» 
"内~ 'O^  icn <pn ion flO fio 40 20 0 u»ru ftoc； M>/rn 
118 
g. SfiSSi&lsSSSslIsS i Current Data Parameters 
r； 咖 E YanglOHA I = . ； 
- Acqujsttioft Paraneters 
Oate- 200409)6 
• TJine 12.00 
【HSTflUH dpx300 
/ } ^ PR08HD 5 M BBQ B6-IH // \\ PUtPflOC to V 7 TO 327GB 
\ / SOLVENT CDC 13 
Vx-'W 。s 0 
r^ Y ^ SHH 9992.906 Hz 
PIORES 0.274439 Hi 
^ 1.8219508 sec ^ V ^ x 叩 棚 I T 、 < T DK 55.600 usee 
I / \ I oe 7 9 . 4 3 u s e e Me〇 OMe —. .. 
. \ / MCneST 0.00000000 sec 
HCWRK 0.0丨500000 sec 
••……CHANEL ri 
31 即。 IH 
PI 9.00 usee 
P U -2.00 dB 
SFOl 300.13(2000 MHz 
F2 - Processing paraneters 
SI 32766 
. SF 300.1300060 HH： HOM EH 
SSB 0 
ta 0.30 Hi y GB 0 
PC、 1.00 I I I 10 NHR olot parameters 
I H CX 払 00 M ILJUU I iW f 9.00 « 
l\m i\ A E： €iE： • 5 5 S ^ g s -150.06 HZ ？ g 2 g ~ o CT PPHCH 0.47727 PD»/cm 
2 f V . - (O HZCM ⑷.243 B 5 m / c > » 
广…-_-rrr【T.-r•… | 丨丨 
ppf" 9 B 7 6 5 4 3 2 \ 0 
Current Qaca Parameters 
NAH6 YanglOCA 
5 S S S S S S S S 5 s 罢 asli： S pROCnO I 
a tnooir. u5co!So« Sj ^ ^ oi in S -o K g g !：：' S S S F2 - Acquisition Para.eurs 
T 一 — — y — in D a t e , 200409)6 




I NS 973 • 
OS 0 
SHH 22S75.?36 Hi 
FIDRES 0.346004 Hi 
*0 I.4451108 sec 
RG 9192 
DH 22.050 usee 
oe 6.00 usee 
【E 683.2 K 
01 1.00000000 3CC 
Oil 0 03000000 5ec 
HCflEST O.OOOOOOOO sec 
HCWRK 0.0)500000 see 
CHANNEL n 
NUCl 13C 
Pi 3.00 usee 
PLl -6.00 08 
SFOl 75.4745111 m t 
CHANNEL 
CPOPfiG? MaUUS 
* NUC2 JH 
• PCP02 100.00 usee 
• Pi.2 120.00 06 
PU2 jg.OO 06 
、 SF02 300.丨3丨5007 HHi 
fS 一 Processitno .oa广a»«ter， 
Sr 65536 
SF 75.4677506 MHi 咖 EH 
SSB 0 
18 3.00 HI GQ 0 
CY 12.00 cm 
FlP 200.000 pon 
Fl 丨5093.55 Hi 
fSP 0.000 pp« 
'''''^  ' ' ' ' • ' I I ••…•…I I I F2 0.00 HZ 卯 1 8 0 160 140 J20 100 80 50 ‘ ‘ 'Jn ‘ ‘ ‘ 3.69565 oor./c-
• 1 1 9 . "ZCH 655.24127 Hi/cn 
I g • 5 S current Ona Parameters 
^ ^ ^ V \ \l 二 ： 
P2 - AcQu>sU)on Parameters Oate^  20040102 
T U e 丨 9.17 
INSTRUH 00*300 
J； ;\ 叩OBHO 5 (Id HuUinucl 
Vv P^ROG 11 
7 TO 32768 
/ SOLVENT C0C13 - I Y ^ SHH B992.806 Hz 
MOfieS 0.274439 HZ 
• , J ^ *0 1.8219508 sec 
• T � ( T OH 5 5 . 5 0 0 usee 
/ \ OE 79.43 usee 
^ / / r O H 01 l.OOOOMOO sec 
MeO v _ y OMe "cres：- - o;o6oddooo «c 
W I V I C HCWRK 0.01500000 sec 
- CHANKGL f 1 
102 wet IH 
Pi 4.50 usee 
PU -2.00 aa 
SFOi 300.1312000 HHz 
- Processing parameters 
SI 32768 
SF 300.1300085 HHZ 
-OH £H 
5S8 0 
I lb 0.30 HI 
[ | I PC 1.00 
iBIR Ut i。_ Ploi parameters 
nil In I CX 22.00 c膽 
： f i JL . JVl I CY 9.00 cm . ^ ^ ^ A A 一 I 
^ V .n Oi Z ^ ^ — -'50.06 HI 2 zg 二 Sggi ？ 2 S PPHCH 0.^7737 pp™/cp 
- 臂 臂 IrJoi — cs o ri ri HZCM 1'43.24365 m/cn 
「 厂 T ™ T - — — ； ^ r , , ™ T A …‘…-"' r ™ ^ ™ ™ ! ™ -
Current Data Parameters 
NAME YsnglIC 
E X P W I 
I u i t o m 们 m — — ③ do^dtooicnr^.卜.贺臂•； r ^ C N i — V 一‘ cri r^ � i c ‘ P a r a m e t e r , 
O- 苟 闭 c v > r u c \ j ( M r u r u c \ j ( \ j « « — r^ r^ i n m Da te . 20040516 
V _ 一 i 
TO 65536 
SOLVENT C0C13 
j MS 1179 
DS 0 
SHH 22575.736 Hi 
flORES 0.345004 H： 
An 1.4451)86 sec 
Rn 9192 
OH 22.050 usee 
Oe 6.00 usee 
TK 29B.2 K 
0) I.00000000 sec 
；311 0.03000000 sec 
KCREST 0.00000000 sec 
MCWflK 0.01500000 sec 
• • … C H A N N E L ri 
NUCl I3C 
PI 3.00 usee 
P U -6.00 CB 
' SFOI 75.4745111 HHZ 
.•……CHANNEL f2 — 
cpopflca Haitiie 
N X 2 IH 
PCP02 100.00 usee 
PL2 120.00 d8 
Ptia 19.00 dD 
Sf02 100.1315007 W l 
I F2 - Processing paraoietBPS 
SI 53536 I SF 75 4677053 HHi 
HOH EH 
SSB 0 
,1 u8 3.00 Hi 
I G8 0 
_ Jl A^ fA^ jlm olot Mr时eter， 
, CX 23.00 ca 
CY J2 00 Cfl 
flP ？00.000 pqn 
PI 15093.54 HI F2P O.OOO W)" 
F2 0.00 Ml 
' ' • ' I I . . . I ' I • • • ' I • • {JPHCH 8.63565 DO«/C(i 
ppio 180 • 160 140 120 too 80 50 40 20 hzck 656 2409) Hi/ca 
120 -
e A g S SI 5 S S g ；^ 另 S 2 S ~ fi rC m ^ 
5. rnrnajrypu-^^^oiSSoDS m iS f^  S Current OdCd Parameters 
I I I “ = ； 
P2 ‘ AcQuisition Parameters 
Tine 1.04 
INSTRIM dpx300 
‘ . • PnOBKO 5 nn BBO BB-IK • 
\ \ PULPROG 29 . 
/ ro 3276B / SOLVENr CD2C12 
“ ^ 'o 
^ I I 、 • ’ SHM 的92.806 Hz 
FIORES 0.274439 Hi 
^ 1-B31950B « c 
〉 \ OH 55.600 usee 
/ \ 0£ 79.43 usee 
H O — A / > — O H 二 L 
M e O V U O M e hcrest- o.oooooooo « c 
MCHRK 0.01500000 see 
Q O channel H OO HUCJ )H PI g.oo usee 
PLi -2.00 dB 
SFOl 300.1313000 HHl 
F2 - Processing parameters 
SI 32768 
Sf 300.1300095 HHr 
KOM EH sse 0 
LB 0.30 HI 
‘ G8 0 
|| PC 1.00 
I H k 10 NHfl plot paraMtera 
lAi i! CX 32.00 
JULU. iIl_ V 1 CY g.00c» 
- ^ — PIP lO.OOO 00» 
l\ A 二 ： 
1 S i S m 5 1 g a fj -150.06 HI I g g S S S S S P 叫 CM 0.47727 DP./CI. 
「 ” . • ‘ I opm 9 • 8 7 6 5 4 3 2 . 1 0 
Cucrtnt 0»ta Psrweters 
N*«E Yangiac 
EXPNO I 
e “ r- oiDiDODt-r-iinT^r- in !n m o § 5 " o 





OS 0 . 
SHH 22675.736 HZ 
FIORES 0.346004 HI 
AO J .4451188 sec 
RG 1290 2 
OK 23.050 us«c 
OE 6 00 usee 
IE 297.2 K 
01 1.000000DO see 
ail 0.03000000 sec 
MCflesr 0.00000000 sec 
HCMftK o.o1500000 sec 
• * CHANNEL n 
WJCl i3C 
PJ 3.00 usee 





PCP02 丨00.00 usee 
912 120.00 08 
PL12 19.00 00 
SFOa 300.丨315007 HHi 
F2 - Processing pdramelers 
SI 65536 
SF 75.*B7S6A2 MHZ 
HON 
sse 0 
L8 3.00 MI 
G8 0 
I PC 丨.劝 
1 ^ ^ J J i ID nhR olot oara«tEr. 
CX 23.00 cn 
CY 60.00 cn 
• Ftp 220.000 D0« n J5602.99 Hi 
fjp -0.000 oow ^ ^ m To ；^ ：！^ m z r To Ech" ； S Si-
121 •,. 
g. i^SSSGZ^IJSSCS/ggSSSSlf! S 2 § Current Para^ter, 
“ tJLItt T T f T" T ji j j j j ™ ~ 二 
V ‘ 




PR08H0 S nun 860 36-IH 
r. A PULPROG iQ 
• / / 32768 (/ 、〉 SOLVENT Acetone 
\ / wS t2S 
/ \ SHH 8992.806 Hz ；^/ Yi ^^ rlORES 0.374439 Hz 
• AO 1,8219306 sec . I I y m • )Bi 
W 55.600 usee \ / OE. 79.43 usee 
/ \ 297.2 K 
L j ^ / \ /"NLJ 01 l.QOOOOOOO sec 
n U . \ \ / / r U M hcrest o.oooooooo sec 
H O V _ y O H 似 狀 0.01500000 sec 
.… •… C H A N N E L n 
.NUCl IH 
gQ PI 5.00 usee 
P U -2.00 0日 
SFOl 300.1312000 HHi 
• Fa - Processing parameters 
SI 3276a 
. SF 300.1300150 MHz 
HON EH 
SS8 0 
ta 0 30 Hi 
GB 0 
I PC 1.00 
I H 10 NMR Dlot Daranetera lift I S CX 22.00 cm 
/ , A vV CY 9.00 c-
^ ~ ^ ‘ 八 ^ ^ H P 10.000 ppc 
1/7 V "P -^O^MO Dp™ 
s felS jGlSf® Si -150.06 Hi 
各 S ° 7 o m V PPMCH 0.47727 Dpa/CA 
S un o o o 卜.o hZCH J 4 3 . 2 4 3 8 5 Hl/c» 
•S f\J (\J fujoj — IM 
pr-r-r-r-T-T-.-T-r^-T-T--r-.-.-,--r-r i ' ^  ' ' ' ' ' ' ' I t I ' ’ • M i . | i I i . i . i . . | . . . t • 
Dpm 9 8 7 5 5 A 3 2 1 0 
Current OatA Parameters 
HAHE Yangl3BC 
' exPNo I 
o f M i n n i - ^ f ^ w c n n o c v j ^ cr» ru m a> m aa pbocno l 
— 〜 T T u " ) r « « o c D 卜 C D ^ r m o r n in o aa in cu o ) 
5 • • • • _ ' J —： • « 丄二 丄 ； - ACQuiaU ion Parscieters 
S- V C D 对 C U O t D n - v n 灯 • ^〜 t f l O O O CD Cn 01 OT ^ 
o . o 7 c > j c u r o r u f \ j r \ j — 一 en m m rvj rvi f\j cu Date. ？004)017 




SHH 22675,735 Hz 
FIORES 0.3站004 H2 
AO l.4<51tBB sec RG ai92 
• DK _ 22.050 usee 
OE 6 00 usee 
TE 297.2 K 
, 01 1.00000000 aec 
a n 0.03000000 sec 
McnesT o.oooooooo sec 
MCHRK 0.01500000 seC 
CHANNEL II 
NUCl I3C 
Pj . 3.00 usee 
PLl -6.00 06 
SFOl 79.4745111 MHZ 
CHANNEL f2 
CPDPRG? wa)tzt6 
W C 2 IH 
PCPU2 100.00 usee 
Pl.2 130 .00 dB 
PL12 19.00 dB 
SF02 300.1315007 HMZ 
F2 - Processing parawtars 
SI 65536 
SF 75.4676849 mi 
HOH EH 
SS8 0 
• L8 3.00 HZ 
GS 0 
'• CY 30.00 cm 
FIP 220.000 ppit 
M 16602.89 HI 
f2P -0.000 QDi* 
fa -o.oo riz 
i , i . . . , | i rn -n -r -r - r^p^^^ g.56522 00«/ci. 
opm 200 180 160 140 120 lOO 60 50 40 20 hZCm 72i 86481 Hi/cn ‘ 122 
o r n v D — f n i O ' « ' ^ c n r « » • ^ ( V O O r ^ . o o n j c O O T m 
» fi current Oat> Parameters 
f2 - Acquisition Parameters 
D a t e . 200«0023 
. rime 16.17 
INSTRUH dDxaOO 
PB06K0 5 nffl 880 86-JH 
^ ^ ^^^ PaPROG £0 
( [ ^ ^ TO 33768 
‘ P n ^ SOLVENT C0C)3 
_ ^ MS 8 
OS 0 
^ ^ ^ Y ^ \ SHH 6992.806 Ht 
P f P I FI ORES 0.274439 Hi 
r L O l 2 AO I.6219S0B sec 
R6 22B.1 
j V - ^ P , OK 55.500 usee 
r j u 06 • .79.43 U9CC L JL M r Mo IE 0.0 k 
D丨 1.00000000 sec 
• KCREST- 0.00000000 sec 
HCWRK 0.01500000 S«C 
H OA CHANNCL (1 丨 U崎 NUCt . IH 
. PI 5.00 usee 
I PLl -2.00 dQ 
H SFOl 300.1312000 HHz 
I f2 - Processing paraiwters 
fl| S【 3276B 
U SF 300.1300063 MHz IK NOW eH 
ffl SSB 0 
H U8 0.30 Ul m CB 0 
I , PC I.⑶ 
I I I A jD NMR d IoL parameters 
l l j l . J L . “ 1:= 
. ‘^ * flP iO.OOO OOn 
I t ) } { ) [ { n 3001.30 HI 
/ W / / \ / \ \ F2P -0.500 ODOI "Z • ！：； I in I o fo 'CI'^I -150.06 lu 
^ § S g o o ® PPMCH 0.47727 PDO^/Cm 
I ^ AJ C\J <\j ri KZCH N3.243B5 Hi/cn 
- IH • • 
r r - r ^ - . - . T - r T - p - r T - r n - ,… | , • , … , ， _ p n " … i i | • … • ti，，| " " i i | _ " • , r • 门 ― i " " •「，,.,-rr”TrT~Trr^n~rT-r"p~TT-i~ 
PPfn 9 6 7 6 5 "1 3 2 i 0 . 
i>tqu«nc>: tzpu i 
So>wtnt: CDC 13 
A«b(fnt te«perAtur« 
lNOVA-4 00 "nK>vA4 00.chan.cuhK idu.hK" 
d t l A y 1.000 sec 
Puis a 10 ,0 d e g r … • 
Acq t \m» 0.3e/| VIC 
Wi'Jth 20000.0 Hz 
m o rtpfttltiont 
OBSCRVC P 3 l . U1.)0018<16 NM? 
OATA P R O C C S S I N C 、 S 
U n a O r o A d a n l n o 30. 0 Hz ' 
fT size 16364 . 
Totol tin* <16 m \ n , 1% see ‘ 
M •» 
N r» 〜 " « O m H 
ft I . . rt 
~‘ ~ ^ ~ ~ - T - r . . r — ‘ 1 ‘ ‘~I~‘~“‘‘‘~-1~1~.——.——.~I .——.~I“― 
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III ” 丨 f . Acquisition Paraoetsrs 
OatB- ？004})25 
, 、 Tine 10.07 JNSTRUH • dpxaoo 
• * 叩OSHO 5 880 
. O r 。 ； 
\ _ / \ _ / SOLVENT C0C13 
( V o - 1 \=/ SHH 8992.BOB Hz 
i ： fims 0.274439 HZ PhoP. PPh? AO i.SSigsoB sec 
叩 H 3 . ? 
55.500 usee 〇 〇 OE 79.43 usee 
W J—L I ^  p J J O.ODOOOOOO 
. / HCHRK 0.01500000 « c 
1 1 • 〜 6 o r ' ; ! ; 
I SFOJ 300.1?.j??00 HHI 
ili I 1 0 5 T2 - Processing oafanelers 
Iflj I * SI 33756 
|1 ' |l ' U 11 / 300.1300060 HHz 
l\ 1 1 II / V ？ 。.；L 
^ W M L ^ . 从 r — B � ： 
fe. K, g S S = s S S S g 1500 55 m 
： ~ ^ “ ° ° ° 5 PP»CM o.ieie: PP./C. 
- rl Oi S p{ ！5 — m o| — H2CH 54.S6go9 Mz/t. 
卯“" 8-5 8 0 ‘ ‘ ‘ ‘ • T'O • . . 6:5 . . ‘ 6'.0 ‘ ‘ • 5'5 . • . •‘ 
J 
• .‘ 
Aulo»».fll.»tl pii l»iif wiilld 
Ol'» c> y« cho itnr t • 
r»i.•””“cm.ci •…1 
5olv«Ht ： C0(:i3 
。•_“《•、、IvmpurAitiri 
IMOV/A-'<0 0 "lncvArtOO.chem cuhK . n^Ui .hK-
titlrty 1 000 ««c 
n " l » e 1 8 . 0 t i i p r " . 
Acq . 0 , 2aA " c 
Whilh 2 0 0 U O . 0 H2 
2000 rffp«t1t lont 
OBStRVC P3 1 , 161.9I018^S MM/ 
OAT A PflOCCSSlHG 
L iiroAtl«nlrto lO.O Hz 
rr »tzf 16384 
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Current O a u Paraneters s ？; nahE Yangl7H ^ EXPNO ！ 
_ ‘ 
iSdhT^^ - Acquisition Parameters 
Oete. 20040418 
hflie 12.16 //A rNSTflUM dpx300 • // \\ PR06H0 5 M BBQ SB-IH 
\ / PULPflOG i g 
\ / TO 32766 八 〉 C 八 SOLVENT C0C13 
y^：^^^ V ^ ^ ^ NS 2 
\ \\ n I 。s 。 
, SWH B992.806 Hi 
L ^ J i J ^ ^ ^ Fiones 0.874439 HI 
\ AO 1.8219506 sec 
丁 丁 128 
/ \ OH 55.600 usee 
T f O — — / ) — — O T f ?【 ll'l 
T f O V V O T f D丨 1.00000000 sec 
1 HCREST O.OOOOOOOO sec 
HCHAK O.OI500QOO sec 1 06 CHAtwei fl 
NUCl IH 
I Pt 9.00 usee I PL I -2.00 (J日 
D SFOl 300,1312000 HHi 
F2 - Processing pardoetera 
, SJ 32760 
SF 300.1300063 MHi 
XOH EM sse 0 
LB 0.30 Hz 
GB 0 
PC 1.00 
• I to NHft plot paraaetsrs 1 I CX 22 00 cm 
[1 I j C^  9.00 cm 
W - A 1 FlP 10.000 DP« 
, „ , Fl 3001 30 HZ 
Jj/ I F2P -0.500 PD» 
/ / \ F2 • •150.06 Hi 
X g S PPHCH 0.477?7 O0»/cm 
I o S S H2CH M3.2<385 Hr/cm 
•S ^ r»|fn 
rr-n-rr-T-. , • ‘ . - p - r n , … > | , | ., m , … • 丨 • ’ … m • i 丨 … " “ “ ‘ I ‘ ‘ “ ‘ “ ‘ ‘ i “‘‘ ppm 9 8 7 - 6 5 4 3 2 1 0 
Current Data Paraaeters NAKE Yangl7C exPNO 1 
PROCNQ } 
o * r — (D<T)C7)ua o 
^ m m i o i f l o — ^ oi io 6 ‘ 臂.P 、二 — .货 0 — F2 - Acquisition Psranfitcrs S "^？ S P： Oale. 20040418 
I ) ) J k J ‘ INSTBUH 。P*30。 M \ / / / \/ PROBHO 5 aao ae-iH 
I I ( 1 1 w pulPROG zgdc 
TO 65536 
SOLVeNT C X I 3 
NS 2463 
OS 0 
SHH 22875•736 H2 
PIOflES 0.346004 HI 
< AO 1.4451IBQ sec AG ai98 
OH 22.050 usee 
OS 5.00 usee 
.TE 298.2 K 
0) }.OOOOOQQO sec 
d U 0.03000000 sec 
McnesT O.OOOOOOOO sec 
HCHBK 0 01500000 sec 
CHftNNEL II NXl JSC 
Pj 3.00 usee 
Pl\ -6.00 08 
SFOl 75.<745111 HMi 
l| CHANNEL -I CP0PflG2 waitzie I HUC2 IH 
PCP02 100.00 usee 
PL2 120.00 08 
PL12 19 00 dd 
SFnS 300.1315007 MHi 
f2 - Processing oara^etars 
SI 55536 
I SF 75.4677053 MHz • 1  WDH EM ！1 SSB 0 
It, US 3.00 Hi 
i GB 0 I PC l.-'O 
• • i i ... - V l 1 ,1 儿 , I •_ j V , _ _• • . . •• . •• I • ，n NNfl ploc paradetePS 
- - •• ^ ^ ' - -丄 -、- .. ‘ ， ， … cx 23.00 ci» 
~ , CY 10.00 cm 
300.000 opn 
• fl 15093.5< HZ 
0.000 00" 
0 00 HI 
' ' • I i • ' 1 • ' • • ' • ' ' ' I • • I ' I. 1 • I • I • I … I … … • • • I … … … I I ‘ " � * " V p h C M 8.69555 DO«/cm ^ PD曲 IflO 160 HO 120 100 j 80 50 40 20 hICH 555.24091 Hi/cm 
.§ •芝？械惠 一。一一 
“ 7 ‘ '•，; ” r- r. ~ I-. r, r� >r -ilut iSlWOilH 
•2 - AccuiS)ilori PdritfiKcei's 
20050930 
U»>t 1! 5b 
)MSUH.iM 
r ^ 3R0Bnn 5 QBO ne-iH // \\ 叩PftOG 79 (/ 、〉 ro 23760 \ / 5C".VEH1 C0C13 
• i. - 丄 
• lORt'S 0 .M 
, Is. I 少 <i«0 I •»?€ 
I \ / y JH 55.600 usee _ / \ j£ '9.4J 
T f O ~ \ \ / ) " O T f 01 1 00000000 sec 
- N C V V C N ^CRCSl 0 flOOOOOOO sere 
‘ -tCwftK 0.01*300000 S6C 
• chtwia It i QV MUCl IH 
。i 5.00 usee 
. '2.00 UB 
5F0I 300.»3l^00U Mil 
；2 • ProcMS)r>g i)fM,a_elers 
51 3276a 
sr 300.l300flfi0 KHT 1 . HQH 5S& 0 
.8 0 30 Hi 38 0 . .^c 100 
I I ]0 Ni-rt It 101 口 & W 1 . CX 32.00 cm AJL.A*VH . CY Q.QO rn 11 I ] I ( — L "IP 10,000 upa 
/ \ / ( \ \ ？ I 300 1 30 HI o V r , 〜 - O - S O O 口pro ^ o m S — -150 06 H： 
t O O S 3PHCH 0.477?7 00a/Cl - |f\i r\j V u-i H^CM I'13 34365 Mi/cti 
• op.'n ') r 4 … . 、 . . . ， [ • . •••'I'"：' — 
‘ 5 5 A 3 2 . 1 0 
Current Odts Paranecers 
Name YangbbMC 
fi • ： tj o <n ,:a:** ^ Z ^  ^  -^ or>o»coa)rNiu^ Trmoooiiotri r^ r^ uo. F2 - Acouisilion Par ane tens 
Oalc_ 3004J017 
V . S r 』 E ‘ PULPROG 19OC 
•TO 53536 1 SOLVENT CDC13 
NS IB4S 
OS 0 
SHH 22673.73C Hi 
FIDPES 0.346004 Hi 
AO 1.4«f5i tos » c RG 4^9.1 
OH 22.050 usee 
OE 6.00 URCC TE 297.2 K 
Ot l.OOOOOQOO sec 
d " 0.03000000 sec kcrest o.oonooooo ，k 
MCNAK 0.01500000 sec 
—CKAWiEL M 
KUCl i3C 
Pi 3.00 usee 
PL J -6.00 flfl SFoi 75.<74511丨 WU 
—CHANNEL t2 •••••••• .. CPDP0C2 k^altne 
NUC2 IH 
PCP02 100.00 usee 
I P U 120.00 dB n PtJ2 19.00 Ofl 
I SF02 300.1315007 HH/ 
. • F2 - Processing parasaters 
51 65536 
5f 75.4677«>99 m HDK EM 
SSB 二 jj lb 3 00 HI 
I JLL/^ir^VWVWvV^^^^^^W^^W^^W^Mn^WvKi^^W^^^Cj _ plot parameter, 
• . CX 23.00 CJI 
CY 丨2.00 cn 200.000 DP» 
f \ 15003,55 HI 
0,000 ooa 
卿 咖 ，刚 1 卯 120 .00 80 了 r ]0 6二?二二" 
128 
5 — o i u D i D 寸 m m r u — Current Oaia Psr&iwter^ a • NAHt Y2l0Q05an 
• Acquisition Parameters 
Oate- 20050930 
“"B 12.06 iNSTfiuH 00x300 PM8HD 5 fn 6B0 88-IH f ) A zg • // \ TO 32768 
( / \ \ SOLVENT CDC13 
/ \ SHH 8992 ,006 Hz f^ Y Yl ^^ ？lOflES 0.a7«39 H2 
1.82]950e sec 
\ I 丨 7 叩 512 
洲 55.500 usee T \ / T ^ 79.43 usee / \ TE 295,3 K 
NC-r \\ /) r C N HCflEST oiooooDooo III 
T f O f j O T f h c x r k . .. 0.01500000 sec 
•••“•.• CHAW^L 
WUCi IH • 108 5.00 usee 
, PLl -2.00 da 
J SFOl 300.1312000 HHi 
• Processing garaneters 
. • SI 327S8 300.1300060 MHZ WOW £H 
• SS8 0 
|{ LB 0.30 HZ 
d I I GB 0 
I J || PC ！.00 
I W t 10 NMfl olot Dsranetcrs I U n 22.00 c» 
K J r J ^ L J i CY 9.00 c« 
i, 丨丨H “ 10.000 00, 
/ y H PI 3001.30 Ml V / I \ P2P -0.500 D0. S S ：： g F2 -150.06 HI g ；^ S So 0.47727 DOn/c» 
M - OS - - HZCM 10.2J3a5 Hi/cm 
P I " • r-t . i , , . • , . . . .,.. •....., , 
I r J - T - , - , , , , , ^ T - . ^ . . . . rn-y t - i - p r I M I I I I • • I i - r » i I I •， , t - t t - I T T i , _. t r 
oom 9 8 7 6 5 4 3 L’ ； ] 
U j y z w Z O V f C O O ) 3 C 1 3 
riilt* Stunincaj s2 in 
222； — ••ocM-^ iA a e (M 
«>'»•«•« rv fs! « 
• • 
~ — — — — I iiiL jJ iLjill IJ , ^  I 
— : . 。 ” ， T . . “。.......“。. 了 … T ” r 了 ™ r — — 「 ： 
129 •,. 
• IJ ••、 O I- o‘ O) o tn u? C： <\J 、j 
k? IT L" to o o o o) o flo f\j cr. _ 
u tf. _,» q A. «\| A. 'V n, i-y ru AJ CD CO op rs n. 0> C.,rrer.i •？au r-Ara*.nof$ 
, <U r». t. r- r>. r、 •、 lO lO xO UD Nah£ r 1 WWt'iM 
. LJ^^^^f^^fe^^^^；^^^」• I ！ 
, 拟 e-
‘ ,»«•’ H. 10 / I的：O,;N30I) 
/ / \ \ CM. UUO 86-IH // \\ iy \ / '。 .vvr,o \ / soumn r^n 
I - I nwi m2.m m I I 0.?-/4430 H2 ^^^ 的 J .WieilOB mc 
^ ^ \ / , 'It 
• ‘ / \ 如 yy sw usct 
NC <\ /)—rCN Tt ？if … 
Kir V // CN 。’ 、oc^oc «c . . . . . 丨NU ^~J UN HCBCST ft 规藝 sec 
• •• . . < H » c 0.01300000 sec 
• CMANNet n 
'' 5.Of. usee 丨 -if.OO Ufl 
S^'Ol 300 ) 3rii000 MHI 
• - P'ocersumn DarAiwifrs 
Sf 300.i:)00n(>0 Wit 
MOH EN 
,SS0 0 
-0 0.30 HZ 
SB 0 
II . . I 00 
, In )D wfi 0loi fiariwetttrs 
i , J U L , ^ 
I n J [ ‘ 'IP 10.000 DO* 
_ / \ / \ '1 3(101.311 Hj I S S S fs S . ._.. 〔冲 -O.MOW a . ttj ™ S S f! -isu.uciii 
‘ “ “ HZCH 丨《 ？4305 l«/c» 
二 0 厂 … … I … … T 一 ; ,,.....…了…”……。….….,.、.,丨… 
_ ^ • 1 0 
• • , -
, iMfi' tr.\ I>416 fhrft^^-.f^"-. 
XAHP rMOitO'ji. 
•xPKI 1 
r\i c» rv« ro Mj ^ m ^ o Ou ai oj o*. if? "MOCHli I t 
ii> rvi <J> tr f^ to — •*： c\j xr ..•。, u f\i t»i W at ^ — ^  so iM • o kO 
r； ic .n .o d ” o en* ai .o ni or；〜- 〜：-" •川"^U"、“••.,•！ 
. to m 、•竭臂 pn «n (\j Oi (\j fw — •• — a^io •JCKH^UP*： 
• i ！ \ li}/ i 、1乂 - -
、1 、• y\)l i { (\ I ''Mffl^JB) b ft»fiw) un ill 
10 e'j'j3t>, 
30LVCHI COCl i 
MS ⑵ / ，s . 0 5WH � l U 
nuro' 0.3«»t^04 HZ 
AO I 丨丨r>8 sec •V, 4Sinr •JH ..:’ ObO ‘ jt b.on wbec • ri： m . i K 
‘ 0) I OC'OC'C'vjO sec 
• d)t 0 0 3 0 0 0 0 ) aec 
‘ • MCAGS•丨 O.OCrWOyOO sec 
UCMRK 0 OlSOOOOO sec 
ClIAHNftl “ 
MUC) PI 3 00 u-JUC 
. . . PLl -G 00 Oli 
. SI*01 mmi _ ….•；…CHAHNtil. 13 … CPOHRU：.' KoJtne 
WC?" "‘ 
ocpoj* lOO 00 user 
I • PL? )20.00 Ii0 
w.ia 19.00 (IB 
, SftW ：*00.131'3007 WW 
. fz " Pror.etSJ«^9 uaru'ipierH 
SI 6 M 3 6 
if 巧.•Mi? 7053 f**l . . won EM . . sr.B . 0 • Q 3 OU HI .、 ‘ . ，_ 
_ 帅【,,rasters • ^  CX . 23 W C« 12 00 CD 
. ？jp 200.000 D0_ • C| M? • ‘ W-JP 0.000 
'仰 ”祀 160 140 li?0 100 BO 60 lo ' ' 丄 ^h J.^ Zr. 
130 • , . 

C U H K L i b r a r i e s 
miimn 
0 0 4 4 6 1 3 1 0 
